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OBSERVATIONS   ON   NORMAL  GASTRIC   PERISTALSIS 
IN    THE   RABBIT. 

Bv  JOHN  AUER. 

Normal  gastric  peristalsis  may  be  studied  in  the  fed  rabbit  without 
any  operative  interference  whatsoever.  The  animal  is  merely  stretched 
upon  its  back  and  the  hair  of  the  epigastrium  clipped.  A  large  part 
of  the  stomach  is  now  visible,  and  the  peristaltic  waves  may  be  studied 
by  inspection  or  by  means  of  a  tambour.  By  this  method  a  number 
of  observations  have  been  made,  some  of  which  Jiave  been  reported 
elsewhere. 

In  the  starving  rabbit  gastric  peristalsis  is  either  greatly  reduced 
or  entirely  absent.  If  now  the  stomach  be  moderately  distended  with 
air  or  water,  powerful  gastric  waves  appear  at  regular  intervals. 

Ether  and  chloroform  do  not  have  the  same  effect  upon  gastric 
motility.  When  fully  under  ether,  the  peristalsis  is  regular  and  pow- 
erful, often  more  regular  than  before  the  anEesthesis.  Chloroform, 
on  the  other  hand,  greatly  reduces  the  frequency  of  stomach  waves. 

Morphine  subcutaneously  or  intramuscularly  abolishes  stomach 
movements. 

Section  of  the  vagi  in  the  neck  stops  gastric  movements  as  a  rule ; 
there  are  some  exceptions,  however. 


FUNCTIONS  AND  STRUCTURES   IN   AMCEBA   PROTEUS. 

Bv  Dr.  C.  F.  HODGE  and  O,  P.  DELLINGER. 

The  material  for  this  study  consisted  of  living  amoeba,  specimens 
killed  in  various  ways  and  stained  whole  by  different  stains,  and  serial 
sections,  also  hardened  and  stained  by  different  methods. 
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Contraction  is  effected  by  a  meshwork  of  fibrillce,  united  into  heavy 
trabeculse  with  wide  intertrabecular  spaces  in  the  interior  (endosarc) 
and  into  very  fine  trabeculse  over  the  exterior  (ectosarc).  This  mech- 
anism is  all  that  can  be  demonstrated  to  account  for  all  movements, 
locomotion,  ingestion,  egestion,  contraction  of  vacuole  and  internal 
circulation.  Movements  are  co-ordinated,  but  no  differentiation  of 
conducting  fibriJls:  has  been  clearly  demonstrated.  This  materia], 
when  supplied  with  necessary  nutrient  substances,  must  possess  the 
function  of  growth. 

The  function  of  digestion  is  mediated  in  all  animals  by  gland  cells, 
characterized  by  zymogen  granules.  The  only  structure  in  amoeba 
which  is  definitely  granular  is  the  nucleus,  and  sections  show  these 
granules  apparently  passing  out  of  the  nucleus  into  the  food  vacuoles. 
This  accounts  for  all  functions  of  the  animal,  reproduction  being  un- 
differentiated from  growth  and  respiration  and  excretion  and  circula- 
tion being  effected  by  movements  of  the  whole  body  and  supplemented 
by  a  similar  action  of  the  contractile  vacuole.  Except  as  noted  above, 
sections  reveal  no  differences  between  ectosarc  and  endosarc. 


THE  INFLUENCE  OF  MECHANICAL   ENERGY  IN  PHLORHIZIN 
DIABETES. 

Bv  GRAHAM  LUSK. 

Mechanical  effort  in  a  fasting  dog  made  diabetic  with  phlorhizin 
only  slightly  increases  proteid  metabolism,  but  leads  to  a  small  in- 
crease in  the  output  of  sugar.  This  extra  sugar  may  be  derived  from 
the  residue  of  glycogen  present  in  the  animal. 


THE   SPARING   ACTION    OF  GELATIN. 

Bv  J.   R.  MURLIN   (by  invitatioD). 

Reillv,  Nolan,  and  Lusk  showed  severalyears  ago  that  in  diabetes 
gelatin  may  yield  as  much  as  60  per  cent  of  its  weight  as  dextrose. 
An  attempt  has  been  made  to  determine  to  what  extent  this  purely 
carbonaceous  part  of  the  gelatin  molecule  may  account  for  the  great 
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sparing  of  the  body's  proteid  when  gelatin  is  fed.  Experiments  on 
dogs  show  that  a  diet  limited  to  a  quantity  of  carbohydrates  equal  to 
12  per  cent  of  the  body's  heat  requirement  does  not  spare  proteid, 
but  entails  a  loss  of  nitrogen  ;  whereas  20  per  cent  of  the  body's  cal- 
orific requirement  in  gelatin  alone  spares  30  per  cent  or  more  of  the 
starvation  nitrogen. 

The  same  negative  effect  has  been  obtained  in  a  student  weighing 
46  kilograms.  After  securing  nitrogen  equilibrium  on  a  mixed  diet 
containing  41  calories  per  kilo,  in  which  nitrogen  corresponding  to 
the  quantity  eliminated  in  starvation  was  taken  two-thirds  in  gelatin 
and  one-third  in  meat,  the  gelatin  was  replaced  by  60  per  cent  of  its 
weight  of  dextrose.  The  sparing  effect  of  the  gelatin  was  entirely 
lost. 

The  conclusion  is  that  the  sparing  action  of  gelatin  must  be 
accounted  for  entirely  by  its  nitrogenous  constituents. 


SOME   PHYSICAL  REACTIONS  OF   PHYSA. 
Br  JEAN  DAWSON  (by  invitation). 

Reactions  of  tke  snail  to  oxygen  and  to  carbon  dioxide.  —  In  the  l^ke 
and  river  systems  studied,  the  conditions  making  up  the  habitats  of 
Physa  vary  greatly,  and  there  is  a  correspondingly  great  variation  in 
the  number  of  snails  found  in  them.  A  comparison  of  the  most  favor- 
able habitats,  wherever  found,  show  strikingly  similar  conditions. 
They  contain  water  that  has  the  highest  percentage  of  oxygen  and 
the  lowest  percentage  of  carbon  dioxide.  A  series  of  laboratory  ex- 
periments corroborates  the  observations  made  in  the  field,  Physa 
reacting  positively  to  oxygen  and  negatively  to  carbon  dioxide. 

Pkysa's  reactions  to  chemical  stimuli.  —  Only  a  small  portion  of  the 
snail's  body  is  sensitive  to  chemical  stimuli,  and  the  snail  responds 
negatively  or  positively  according  to  the  nature  of  the  stimulating 
substance.  The  physiological  state  of  the  snail,  due  to  the  amount  of 
the  food  taken,  affects  its  reactions  to  both  chemical  and  mechanical 
stimuli.  A  positive  reaction,  induced  by  the  application  of  a  chem- 
ical, inhibits  the  reaction  to  a  second  chemical  which  would  normally 
produce  an  immediate  negative  response  if  applied  to  a  fresh  snait 
and  vice  versa-  Physa's  food  is  solid,  and  if  one  of  these  snails  come 
in  contact  with  food  while  in  motion,  the  animal  receives  both  a  me- 
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chanical  and  a  chemical  stimulus;  the  resulting  reaction  depends 
largely  upon  the  momentum  of  the  snail  and  the  character  of  the 
food  substance. 


THE  FAILURE  OF  REGENERATION  OF  THE  SUPERIOR  CER- 
VICAL GANGLION  TWENTY-SIX  MONTHS  AFTER  ITS 
REMOVAL.     A    DEMONSTRATION. 

Bv   S.  J.    MELTZER. 

Twenty-six  months-  after  the  removal  of  the  superior  cervical  gan- 
glion asubcutaneousorintramuscular  injection  of  adrenalin  still  causes 
a  long  lasting  dilatation  of  the  pupil  on  the  corresponding  side. 


THE  EFFECT  OF  SECTION   OF  ONE  VAGUS   UPON  THE 
SECONDARY   PERISTALSIS   OF  THE    CESOPHAGUS. 

Bv  S.  J.  MELTZER  and  ).  AUER. 

The  prevailing  opinion  is  that  section  of  one  vagus  has  no  effect  upon 
the  peristalsis  of  the  oesophagus.  In  a  series  of  experiments  upon 
dogs  it  was  found  that  section  of  one  vagus  reduces  considerably  or 
abolishes  the  secondary  peristalsis  in  the  thoracic  part  of  the  oesoph- 
agus. By  secondary  peristalsis  it  is  intended  to  designate  the 
peristaltic  movement  of  the  cesophagus  which  is  not  preceded  by  an 
act  of  deglutition  and  which  depends  upon  a  chain  of  reflexes,  as 
was  previously  described  by  Meltzer,  Besides  the  impairment  of  the 
secondary  peristalsis,  the  cardia  becomes  relaxed  soon  after  section 
of  one  vagus. 


PERISTALSIS  OF  THE   RABBITS   CCECUM. 

I^  J.    AUER   AND  5.   J.   MELTZER. 

The  literature  contains  no  definite  statements  with  regard  to  the 
movements  of  the  rabbit's  coecum.  When  the  abdomen  is  opened, 
practically  no  movements  can  be  observed.     However,  the  coecum 
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possesses  well-marked  frequent  movements  which  can  easily  be  seen 
through  the  normal  skin  and  of  which  graphic  records  can  easily  be 
obtained.  They  are  also  well  seen  through  the  abdominal  muscles 
after  removal  of  the  skin.  But  they  disappear  completely  immediately 
on  opening  the  abdominal  cavity.  The  movements  are  arrested  by 
stimulation  of  the  vagi.  This  effect  is  best  seen  after  administration 
of  ergol. 


ARTIFICIAL  REGULATION  OF  THE   HEART  RATE. 

By  YANDELL   HENDERSON. 

At  the  meeting  of  the  Society  in  December,  1905,  the  writer  stated 
that  in  an  animal  under  artificial  respiration  the  heart  rate  varies 
with  the  rate  and  depth  of  the  respiration  (J.  e.,  with  the  extent  of  the 
pulmonary  ventilation).  Excessive  pulmonary  ventilation  induces 
extreme  tachycardia.  He  further  suggested  that  a  diminution  in  the 
CO3  content  of  the  blood  resulting  from  the  excessive  respiration  is 
the  cause  of  this  tachycardia. 

in  a  series  of  experiments  upon  dogs,  the  blood  gases  have  been 
determined  (by  means  of  a  Hill.'pump).  The  analytical  results  and 
pulse  tracings  show  a  constant  inverse  relation  between  the  COj  con- 
tent of  the  blood  and  the  heart  rate  in  animals  under  artificial  respira- 
tion. This  relation  holds  true  also  under  natural  respiration,  except 
when  the  animal  is  hyperpnosic.  In  this  case  the  respiratory  ex- 
citement induces  a  rapid  pulse  even  when  the  CO,  content  of  the 
blood  is  high. 

When  the  thorax  of  a  dog  has  been  opened,  the  heart  rate  can  be 
regulated  at  the  will  of  the  operator  by  the  following  method.  The 
bellows  is  connected  with  the  tracheal  cannula  by  a  piece  of  large 
rubber  tubing  (15  mm,  interior  diameter  and  50  to  250  cm.  long 
according  to  the  size  of  the  animal).  At  both  ends  of  this  tube  are  ad- 
justable escape  vents.  If  the  vent  near  the  tracheal  cannula  be  open 
and  that  near  the  bellows  closed,  a  rather  rapid  and  full  movement 
of  the  bellows  induces  a  rapid  acceleration  of  the  heart  rate.  If  the 
tracheal  vent  be  then  closed  and  the  vent  near  the  bellows  be 
opened,  the  heart  rate  is  gradually  slowed.  In  one  experiment  be- 
tween 10  A.  M.  and  5  p.  M.  the  heart  rate  was  four  times  raised 
above  200  per  minute,  and  as  often  slowed  below  50.  The  animal 
was  under  morphin  and  ether. 
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Ill  experiments  in  which,  after  the  opening  of  the  thorax,  the 
animals  were  maintained  under  natural  respiration  of  compressed  air 
(Sauerbruch-Brauer  method),  the  increase  and  diminution  of  the 
respiratory  "  dead  space  "  by  means  of  the  large  tube  with  two  vents 
(used  in  these  cases  to  connect  the  tracheal  cannula  with  a  gasometer 
into  which  air  was  pumped  at  a  constant  pressure  of  lO  to  13  cm. 
of  water),  results  identical  with  those  above  described  were  obtained. 
In  experiments  in  which  the  thorax  was  not  opened  vigorous  artifi- 
cial respiration  also  induced  tachycardia,  as  did  also  the  hyperpnoea 
resulting  from  the  stimulation  of  an  afferent  nerve.  Under  ether 
it  was  thereafter  difficult  to  regain  a  slow  pulse  rate,  owing  appar- 
ently to  the  difficulty  of  diminishing  the  hyperpnoea.  Under  deep 
chloroform  anaesthesia,  on  the  contrary,  it  was  found  that  increasing 
the  respiratory  "dead  space"  by  attaching  a  tube  to  the  trachea 
slowed  the  heart  rate  to  50  or  fewer  beats  per  minute. 

In  experiments  on  men  it  was  found  that  voluntary  forced  respira- 
tion continued  vigorously  for  a  couple  of  minutes  induces  a  heart 
rate  of   130  or  more  beats  per  minute. 

These  observations  seem  to  indicate  that  the  maintenance  of  the 
normal  heart  rate  is  in  large  degree  dependent  on  the  uniformity 
of  the  CO3  content  of  the  arterial  blood.  This  view  harmonizes  with 
the  conclusion  of  the  researches  of  Haldane  and  Priestley,  that  the 
respiratory  activity  is  adjusted  primarily  to  maintain  a  uniform  COj 
content  in  the  blood. 


PRODUCTION  OF  ARTIFICIAL  PARTHENOGENESIS  IN  AS- 
TERIAS  THROUGH  MOMF,NTARY  ELEVATION  OF  TEM- 
PERATURE. 

Bv   RALPH   S.   LILLIE. 

Exposure  of  the  eggs  of  Asterias  forbsii  Auxir\%  maturation  to  tem- 
peratures ranging  from  34°  to  38°,  for  periods  varying  from  thirty 
seconds  to  two  minutes,  is  followed  by  typical  membrane  formation 
and  by  cleavage,  which  in  favorable  cases  is  regular  and  leads  to 
apparently  normal  development.  Bipinnarise  indistinguishable  from 
those  reared  from  normally  fertilized  eggs  have  been  obtained  by  this 
method.  The  most  favorable  results  are  gained  by  transfer  of  eggs 
during  the  early  maturation  period  (J.  e.,  within  half  an  hour  after 
removal)  to  sea  water  at  35°,  36°,  37",  and  38°  for  periods  varying 
from  fifteen  seconds  to  eighty  seconds;  the  higher  the  temperature 
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of  the  warm  sea  water,  the  shorter  the  optimum  period  of  immersion ; 
the  eggs  are  then  transferred  to  a  large  volume  of  sea  water  at  the 
normal  summer  temperature  (20°-22'').  Fertilization,  membrane 
formation,  and  cleavage  follow;  development  is  slower  than  normal, 
and  a  smaller  proportion  of  eggs  reach  the  blastuia  and  later  stages. 
Membrane  formation  is  especially  readily  induced  by  this  treatment, 
and  is  often  shown  by  eggs  with  germinal  vesicle  intact.  If  the  con- 
ditions of  temperature  or  time  of  exposure  are  unfavorably  adjusted, 
amoeboid  movements  of  the  egg  protoplasm  and  irregular  cleavage  or 
fragmentation  occur  {independently  of  nuclear  division)  in  a  large 
proportion  of  eggs;  the  protoplasm  of  such  eggs  soon  undergoes  a 
coagulative  change,  followed  by  disintegration. 


THE   ACTION    OF    BLOOD    SERUM    AND   TISSUE   EXTRACTS 
ON  THE  COAGULATION   OF   THE  BLOOD. 

Bv  LEO  LOEB   (by  invitadan). 

Certain  analogies  exist  between  the  action  of  salts  in  the  coagula- 
tion of  lobster  blood,  in  the  precipitation  of  casein  and  paracasein, 
and  in  the  digestion  of  proteid  by  pancreatic  juice.  In  each  case  the 
optimal  amount  of  calcium  can  be  split  in  a  fraction  which  can  be 
substituted  by  Mg  or  Na  and  presumably  other  kations,  and  in 
another  fraction  which  can  neither  be  substituted  by  Na  nor  (with 
the  exception  of  the  precipitation  of  casein  and  paracasein)  by  Mg. 

Analogies  exist  likewise  in  the  influence  exerted  by  tissue  extracts 
on  the  coagulation  of  blood,  on  the  coagulation  of  milk,  and  on  the 
pancreatic  digestion  of  proteid  (action  of  extcrokinase). 

It  has  been  suggested  that  in  each  case  different  substances  com- 
bine to  form  the  active  ferment.  In  the  case  of  the  coagulation 
of  invertebrate  blood  it  can  be  shown  that  tissue  extract  (tissue 
coagulin)  and  serum  (thrombin)  act  both  independently  of  each 
other  on  the  fibrinogen.  In  vertebrate  blood  complicating  factors 
arise;  substances  are  found  in  the  blood  serum  which  accelerate  and 
inhibit  the  action  of  tissue  coagulins.  But  no  fact  is  known  which 
makes  it  likely  that  the  relations  between  thrombin,  tissue  coagu- 
lin, and  salts  differ  essentially  in  the  clotting  of  vertebrate  and 
invertebrate  blood. 
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THE   FUNCTION'S  OF  THE   EAR   OF  THE   DANCING    MOUSE. 

Bv  ROBERT    M.   YERKES. 

Both  the  static  and  the  acoustic  (unctions  of  the  ear  of  the  dancer 
differ  markedly  from  those  of  the  common  mouse. 

Orientation  and  equilibration  are  fairly  good.  There  is  no  evi- 
dence of  turning  dizziness.  The  whirling  movement  which  is  char- 
acteristic of  the  race  appears  as  soon  as  the  young  mouse  is  strong 
enough  to  stand.  It  is  somewhat  more  pronounced  in  the  female 
than  in  the  male,  and  occurs  chiefly  toward  evening.  With  respect 
to  this  movement  there  are  three  well-defined  groups  of  dancers: 
those  which  almost  always  whirl  toward  the  right,  those  which 
whirl  toward  the  left,  and  those  which  whirl  now  one  way  now  the 
other.  At  present  I  have  no  satisfactory  evidence  of  the  inheritance 
of  the  tendency  to  whirl  in  a  certain  way. 

Direct  and  indirect  methods  of  testing  acoustic  sensitiveness  have 
given  negative  results  in  the  case  of  the  adult,  but  the  young  dancer 
responds  to  certain  sounds  for  from  two  to  five  days  during  the  third 
week  of  life.  This  period  of  sensitiveness  to  sounds  is  preceded  by 
a  marked  change  in  behavior. 


THE   CAUSE   OF  THE    TREPPE. 

By  FREDERIC   S.    LEE. 

The  treppe  is  usually  ascribed  to  increased  irritability  caused  by 
activity.  The  cause  of  the  increased  irritability  has  remained  ob- 
scure. In  studying  the  depressing  action  on  muscle  of  its  fatigue 
substances  the  author  often  observed  augmentation  of  activity  instead 
of  depression.  A  more  careful  investigation  of  this  phenomenon 
shows  that  it  may  be  produced  by  all  of  the  three  recognized  fatigue 
substances, —  namely,  carbon  dioxide,  monopotassium  phosphate, 
and  paralactic  acid.  When  a  muscle  is  irrigated  with  an  indifferent 
fluid  containing  one  of  these  substances  in  small  quantity,  and  com- 
pared with  its  mate,  irrigated  only  by  the  indifferent  fluid,  a  fatigue 
record  being  made  from  both,  more  intense  contractions  frequently 
occur  in  the  poisoned  muscle  at  the  beginning  of  the  experiment, 
and  may  last  until  exhaustion  sets  in.  When  a  fatigue  record  is 
being  made  from  a  muscle  with  the  circulation  intact,  intravenous 
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injection  of  a  fatigue  substance  causes  augmentation  of  contraction. 
The  author  concludes  that  the  treppe  is  due  to  the  augmenting  action 
of  fatigue  substances  in  small  quantities, — the  same  substances 
which  in  larger  quantities  cause  depression  or  fatigue. 

An  excellent  mode  of  demonstrating  the  augmenting  action  of 
CO3  in  the  cat  is  to  record  the  contractions  of  the  Tibialis  anticus 
in  the  living  animal,  and  while  the  record  is  being  made,  to  clamp 
the  trachea.     A  marked  treppe  follows. 

If  two  corresponding  muscles  be  compared,  one  with  the  circula- 
tion intact,  and  the  other  with  the  arteries  ligated,  the  latter  muscle 
performs  more  intense  contractions  and  exhibits  a  more  rapidly 
developing  treppe,  owing  to  the  accumulation  of  fatigue  substances. 

The  chemical  theory  of  the  treppe  is  able  to  explain  several  other 
known  phenomena.  The  author  has  experimented  on  both  frogs 
and  cats.  The  augmenting  action  of  the  fatigue  substances  is 
observed  even  when  curare  is  employed. 


THE   FORMATION   OF   FAT  IN   ANIMALS  FATTENED   FOR 
SLAUGHTER. 

Bv  GEORGE   T.   KEMP   and   L.   D.   HALL. 

Tbis  research  was  undertaken  to  determine,  microscopically,  how  fat 
was  deposited  in  the  "marbling"  of  beef,  and  was  extended  to 
include  a  study  of  the  relation  of  fat  to  the  muscle  cell,  both 
histologically  and  chemically. 

The  histological  reagents  used  to  stain  the  fat  were  osmic  acid, 
Sudan  III,  and  Scharlach  R.  We  agree  with  the  majority  of  observers 
in  giving  preference  to  the  last.  The  beef  was  frozen,  and  cut  with 
a  Bardeen  freezing  microtome.  Some  tissues  were  fresh,  and  others 
were  fixed  in  formaldehyde  (and  sodium  chloride)  before  freezing. 

Even  in  the  fattest  tissues  no  fat  was  found  within  the  sarco- 
lemma.  It  appeared  to  be  confined  exclusively  to  the  connective 
tissue,  as  far  as  microscopical  observations  were  concerned. 

Some  specimens  of  very  lean  meat  yielded  a  much  larger  percent- 
age of  fat,  by  extraction,  than  could  be  accounted  for  by  the  fat 
which  showed  under  the  microscope. 

The  theory  has  been  put  forward,  that  the  toughness  of  meat  is 
partially  produced  by  a  thickening  of  the  sarcolemma.  We  found 
nothing  to  support  this  theory. 
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The  following  communications  were  also  presented  : 

The  Minimal  Proteid  Requirement  of  some  High  Proteid  Animals. 
By  R,  H.  Chittenden. 

The  Rate  of  Loss  of  Weioht  of  Normal  Man.     By  W.  P.  Lombard. 

The  Effect  of  Muscular  Activitv  on  Kreatinin  Excretion  ;  with 
Preliminary  Observations  on  the  Excretion  op  Kreatinin  tn 
Health  and  Disease.     By  P.  A.  Shaffer  (by  invitation). 

The  Occurrence  and  Formation  of  Alkvlamines  and  Alkyeureas.     By 

O.    FOLIN. 

The  Formation  of  Sugar  from  Amino-Acids.     By  W.  Salant. 

The  Effects  of  Cocaine  on  the  Liver.     By  G.  B.  Wallace  and  J.  S. 

Diamond. 
On    the    Elimination    op    Radium    in    Normal   and   Nephrectohized 

Animals.     By  \V.  Salant  and  G.  M.  Meyer. 
The  Relation  of  Inorganic  Salts  to  Lecithin  and  Kephal(n.     By  W. 

Koch. 
Contributions  to  the   Physiolouy  of  the   Phosphates.    By  C.  L.  Als- 

BERC,  L.  J.  Henderson,  H.  B.  Webster,  and  R.  Fitz. 
Concerning  Glycolysis.     By  C.  L.  Alsberg  and  G.  W.  Hall. 
Some  New  Observaiions  on*  the  Action  of  Lipase.     By  A.  S.  Loeven- 

hart,  G.  Peirce,  and  C.  G.  Souder. 
NucLEiNs  OF  Codfish   Roe.     By  J.  R.  Mandel  and  P.  A.  Levene  (read 

by  title). 
Glucothionic  Acid  in  Pus.     By  J.  A.  Mandel  and  P.  A.  Levene. 
Preliminary  Report  on  the  Enzymes  of  Unfertilized  and  Fertilized 

Eggs.     By  E.  P.  Lyon  and  O.  P.  Terry. 
Experiments  on  REsusaTATioN.     By  G.  N.  Stewart  (read  by  title).- 
On  the  so-called  "Ligature  of   Stannius  in  the  Mammalian   Heart." 

By  J.  Erlanger  and  J.  R.  Blackman. 
On   the    Mechanism    of   the   so-called   Refractory    Period  of   the 

Heart.     By  A.  J.  Carlson. 
On  the  Relation  of  the  Normal  Rhythm  to  the  Sodium   Chloride 

Rhythm  of  the  Heart.     By  A.  J.  Carlson  (read  by  title). 
Vasomotor  Reflexes.     By  W.  T.  Porter. 
The  Influence  of  the  Digitalis   Series  inoN  the  Velocity  of.  the 

Blood  Stream.    By  C.  W,  Edmunds. 
Methods  op  Studying  Fatigue.    By  F.  S.  Lee  (a  demonstration). 
Demonstration  of  the  Adiabatic  Calorimeter  of  Richards,  Hender- 
son, AND  Frevert.     Bv  C.  L.  Alsberg. 
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On  the  Alleged   Adaptation  of  the   Salivary   Glands  to   Diet.     By 

F.  P.  Underhill  and  L.  B.  Mendel. 
Adaptation  of  Saliva  to  Dief.     By  C.  H.  Neilson  (by  invitation). 
The   Effect    oe    Phosphorus   Starvation    on    Aspergillus   nicer.     By 

'    W.  Koch  and  H.  S.  Reed  {read  by  title). 
Kew  Chemical    Facts  about   Tendon  and    Compound    Proteins.      By 

W.  J.  GiES  (read  by  title). 
A    Further   Study    of    Peftolysis.     By   W.  J.  Gies   and   W.  N.  Bero 

(read  by  title). 
Some  Observations  on  the  Q^phagus  after  Biij^teral  Vagotomy.    By 

W.  B.  Cannon. 
Concerning  the  Pharmacological  Action  ok  Salicylic  Acid.     By  L.  B. 

Stookev  and  M.  Morris  (read  by  title). 
NucLEiN   Metabolism   Experiment  on  a   Dog  wnn   Eck's   Fistitla.     By 

P.  A.  Levene  and  J.  E.  Sweet. 
Protein  Analysis.     By  P.  A.  Levene,  W.  A.  Beatfy,  D.  R.  MacLaurin. 

AND   C.    H.   RUILLER. 

Preservation  of  Blood  Vessels  in  Cold  Storage.     By  A.  Carrel  (by 

invitation). 
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OBSERVATIONS  ON  THE  EXCRETION  OF  CARBON  DI- 
OXIDE GAS  AND  THE  RECTAL  TEMPERATURE  OF 
RATS  KEPT  IN  A  WARM  ATMOSPHERE  WHICH  WAS 
EITHER  VERY  MOIST  OR   VERY  DRY.^ 

By  J.  J.  R.  MACLEOD. 

[With  thi  Collaboiatioh  or  J.  D.  KNOX.) 
[^Jrriim  tht  PhysiologUal  Laboratory,   IVistem  Rtstnii  University,  Clevtland,  OAie.] 

IN  a  recent  paper ^  Haldane  calls  attention  to  the  small  amount  of 
work  that  has  been  done  on  the  influence  of  a  warm  humid  at- 
mosphere on  man.  That  such  an  atmosphere,  in  comparison  with  a 
dry  one  at  the  same  temperature,  has  a  most  hurtful  influence  is  a 
well-known  fact,  and  it  is  believed  that  this  is  owing  to  interference 
with  heat  loss  from  the  body :  the  evaporation  of  sweat  being  re- 
duced to  a  minimum  in  such  an  atmosphere.  The  exact  degree  of 
humidity  and  temperature  necessary  to  bring  about  such  a  condition 
and  the  influence  of  other  factors,  such  as  the  movement  of  the  air, 
etc.,  have  been  little  investigated  in  this  connection. 

Haldane  made  observations  on  the  rectal  and  mouth  temperaturesi 
and  on  the  pulse,  respirations,  and  general  sensations  of  men  in  moist 
and  dry  atmospheres  at  high  temperatures.  He  found,  briefly  stated, 
that  in  still  air  during  rest  the  rectal  temperature  of  men  lightly 
clothed  or  nearly  naked  rises  whenever  the  wet  bulb  thermometer 

'  The  following  investigation  was  started  over  tbree  years  ago  at  the  suggestion 
of  Leonard  Hill,  F.  R.  S.,  but  had  to  be  discoDtinued  on  account  of  pressure  of 
other  work.  During  the  past  summer  the  research  was  resumed  and  extended  so 
as  to  include  observations  made  during  muscular  work.  The  expenses  of  the  re- 
search were  partly  defrayed  by  a  grant  from  the  Royal  Society  of  London. 

*  Haldane,  J.  S. :  The  jonmal  of  hygiene,  1905,  v,  p.  494. 
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reaches  88°  F.  and  it  continues  to  rise  for  some  time  (two  and  three- 
quarters  hours)  after  coming  out  of  the  hot  atmosphere.  The  higher 
the  temperature  of  the  air  (as  read  on  wet  bulb  thermometer),  the 
greater  is  the  rise  in  rectal  temperature.  In  moving  air  (fifty-one 
metres  per  minute)  the  rise  in  rectal  temperature  is  not  noticed  till 
the  wet  bulb  thermometer  reaches  93°  F. 

In  still  air  even  moderate  muscular  work  causes  a  rise  in  rectal 
temperature  when  the  wet  bulb  thermometer  is  at  78°  F.  In  moving 
air  muscular  work  can  be  performed  at  85°  F.  without  abnormal  rise 
of  rectal  temperature, 

Haldane  noticed  that  the  uncomfortable  symptoms  produced  by 
warm  air  depend  only  to  a  certain  extent  on  the  rise  in  body  tempera- 
ture; they  are  also,  in  part  at  least,  directly  due  to  the  high  ex- 
ternal temperature  (wet  bulb).  He  further  points  out  that  it  is  the 
temperature  registered  by  the  wet  bulb  thermometer  which  is  of 
importance  in  these  observations,  and  not  that  of  the  dry  bulb.  This 
fact  is  easily  explained:  of  the  factors  which  control  the  body  tem- 
perature in  man,  by  influencing  the  heat  loss,  the  evaporation  of 
sweat  is  undoubtedly  the  most  important  at  high  temperatures.  In 
the  above  observations  of  Haldane's  we  can  accordingly  account  for 
the  rise  in  rectal  temperature  as  being  due  to  the  inefficient  evapora- 
tion of  sweat  from  the  surface  of  the  body  in  the  moist  atmosphere. 
In  warm  atmospheres,  so  long  as  the  reading  on  the  wet  bulb  ther- 
mometer stands  well  below  that  of  the  skin,  evaporation  of  sweat  will 
proceed  freely,  and  the  temperature  of  the  air,  when  dry,  may  rise 
even  to  250*  F.  without  immediately  influencing  the  body  tempera- 
ture. On  the  other  hand,  whenever  the  reading  on  the  wet  bulb 
thermometer  ncars  that  of  the  skin,  evaporation  of  sweat  is  interfered 
with,  the  body  is  not  cooled  down  as  it  should  be,  and  the  rectal 
temperature  rises  in  consequence. 

In  small  animals  the  relative  amount  of  body  heat  lost  by  evapora- 
tion is,  in  comparison  with  man,  much  less  than  that  lost  by  radiation, 
conduction,  and  convection.  Thus,  in  a  man  (70  kg.),  of  the  total 
heat  loss  71  per  cent  is  by  conduction,  radiation,  and  convection,  and 
22.9  per  cent  by  evaporation  ;  whereas  in  a  guinea  pig  (0.55  kg.)  the 
heat  loss  by  radiation,  conduction,  and  convection  is  93.5  per  cent 
and  by  evaporation  6.5  per  cent.^  These  figures  relate  presumably 
to  ordinary  temperatures;  at  higher  temperatures  the  percentage 
loss  of  heat  by  evaporation  will  be  much  greater.     In  the  case  of  the 

'  Hill  :  Recent  adva.nces  ia  physiology  (Longmans,  Green  &  Co-,  New  York), 
1906,  p.  267. 
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rat  the  proportion  of  heat  lost  by  evaporation  will  be  still  lower  than 
that  in  the  guinea  pig.  The  absence  of  sweat  glands  in  the  skin  of 
the  rat  further  shows  that  the  heat  regulation  by  this  means  does  not 
occur,  and  although  in  hot  atmospheres  the  quickened  respirations 
will  drain  away  heat  for. the  evaporation  of  moisture  in  the  expired 
air,  yet  it  is  probable  that  conduction,  etc.  from  the  skin  is  a  much 
more  important  mechanism. 

On  account  of  these  considerations  it  seemed  to  us  of  interest  to 
investigate  the  rectal  temperature  and  the  excretion  of  carbon  dioxide 
gas  of  small  animals  kept  in  dry  and  moist  atmospheres  at  high  tem- 
peratures. In  the  following  observations  rats  were  chosen  for  this 
purpose  and  were  kept  in  as  warm  an  atmosphere  as  was  consistent 
with  safety.  In  one  series  of  observations  they  were  kept  at  rest,  in 
another  they  were  made  to  do  muscular  work ;  and  the  atmosphere 
was  either  as  dry  as  possible  or  almost  saturated  with  moisture.  The 
amount  of  carbon  dioxide  expired  by  the  rat  while  in  the  chamber 
was  ascertained  and,  after  removal,  the  rectal  temperature  was  taken. 
Since  the  temperature  of  the  chamber  —  just  below  36"  C.  —  was 
very  near  that  of  the  rat's  body  —  about  38.3°  C.  —  there  could  not 
be  much  heat  loss  from  the  latter  by  the  processes  of  radiation,  con- 
duction, and  conveetion  ;  on  the  other  hand,  in  order  to  saturate  the 
expired  air  with  moisture,  an  amount  of  body  heat  sufficient  to  pre- 
vent the  body  temperature  from  rising  might  yet  be  drained  away. 
The  experiments  here  reported  were  conducted  partly  to  show 
whether  this  source  of  heat  loss  is  of  much  importance  in  the  case 
of  small  animals;  if  it  is  of  importance,  we  should  expect  to  find  that 
the  body  temperature  and  consequently  the  excretion  of  carbon 
dioxide  rise  higher  when  evaporation  is  more  or  less  prevented  by 
saturating  the  inspired  air  with  moisture  than  when  evaporation  is 
encouraged  as  in  dry  air  at  the  same  temperature. 

In  observations  on  mice  recorded  by  Leonard  Hill  and  myself,'  we 
found  that  the  greater  heat  conductivity  of  wet  as  compared  with  dry 
air  made  it  impo-ssible  for  many  of  the  animals  to  withstand  a  moist 
atmosphere  below  24°  C. ;  for  a  time,  in  such  an  atmosphere,  the 
increased  heat  loss  was  made  good  by  increased  heat  production,  but 
after  a  time  this  failed,  the  rectal  temperature  fell,  and,  if  not  removed 
to  a  warm  atmosphere,  the  mouse  died.  In  several  preliminary  ex- 
periments at  temperatures  a  little  above  24°  C.  we  did  not  find  moist 
air  to  have  any  deleterious  influence.  We  thought  it  of  interest  to 
see  whether  at  higher  temperatures  the  moisture  would  influence  the 
'  Hill  and  Macleod  :  Journal  of  physiologj-,  1903,  xxix,  p.  508. 
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body  temperature  and  excretion  of  carbon  dioxide  in  the  opposite 
direction  to  that  observed  at  lower  temperatures. 


The  Method  of  Experiment, 
Tame  white  rats  were  employed.  The  respiration  chamber  con- 
sisted of  a  large-sized  desiccator  containing  in  the  case  of  the  dry- 
air  experiments  sulphuric  acid  and  in  the  case  of  the  moist-air  ex- 
periments water.  The  inlet  lube  entered  at  the  side  of  the  desiccator, 
and  was  connected  either  with  a  tower  of  sulphuric  acid  and  pumice 
stone  or  with  one  containing  a  sponge  soaked  in  water.  The  respi- 
ration chamber  and  towers  were 
placed  in  a  zinc  tank  containing 
water  kept  at  a  constant  temper- 
ature by  means  of  a  flame  regu- 
lated by  a  thermo-regulator.  The 
ingoing  air,  previously  to  passing 
through  these  towers,  was  freed 
of  carbonic  acid  by  passing  it 
through  towers  containing  soda 
lime.  It  was  also  passed  through 
a  worm  tube  submerged  in  the 
water  bath  so  as  to  warm  it.  The 
outlet  tube,  leaving  the  desiccator 
at  the  same  opening  as  the  inlet 
tube,  led  to  a  large  Woulfe  bottle  containing  pumice  stone  and  sul- 
phuric acid  and  then  to  a  calcium  chloride  tube.  Beyond  this  were 
attached  the  weighed  absorption  tubes  filled  with  soda  lime  and  cal- 
cium chloride.  Great  care  was  taken  to  see  that  these  were  absorbing 
properly.  A  metre  was  connected  at  the  beginning  of  the  inlet  tube 
and  an  aspirator  at  the  end  of  the  outlet  lube. 

For  the  work  experiments  (see  Fig.  i)  a  lid  of  hard  wood  was 
tightly  clamped  on  to  the  desiccator  in  place  of  the  glass  cover. 
This  lid  was  one  inch  thick,  so  as  to  prevent  warping,  and  through 
the  centre  of  it  was  passed  a  brass  tube  carrying  an  accurately  fitting 
brass  shaft  twelve  inches  long  and  three-eighths  of  an  inch  in  diameter. 
At  afiout  half  an  inch  from  its  lower  end  this  shaft  was  attached  to 
the  centre  of  a  circular  platform  which  formed  the  floor  of  the  wider 
portion  of  the  desiccator,  the  end  of  the  shaft  being  prolonged  beyond 
the  platform  and  ending  in  a  point  which  rested  on  a  hollow  brass 
disc.     The  brass  disc  was  held  in  position  by  means  of  wooden  stays. 


Digitized  by  Google 


Excretion  of  Cordon  Dioxide  Gas.  5 

The  upper  end  of  the  shaft  carried  a  pulley  connected  by  a  belt  with 
gear  wheels  and  a  motor  so  that  the  platform  was  made  to  revolve  at 
the  rate  of  about  twenty  revolutions  per  minute.  A  piece  of  sheet 
zinc  was  suspended  from  the  lid  so  as  to  make  a  partition  on  one 
sidf  of  the  chamber.  On  coming  against  this  the  rat  was  compelled 
to  work.  The  rate  of  ventilation  in  the  different  experiments  varied 
between  50  and  400  c.c.  per  minute.  When  a  slow  rate  of  ventilation 
was  employed,  the  chamber  was  flushed  out  with  a  quick  stream  of 
air  before  weighing  the  absorption  tubes,  so  as  to  remove  all  traces  of 
carbonic  acid  gas  from  the  chamber-  In  the  case  of  the  rest  experi- 
ments the  rat  was  kept  in  a  flat  porcelain  dish  covered  with  wire 
gauze,  and  this  was  weighed  with  the  rat  at  the  beginning  and  end  of 
the  experiment.  In  the  work  experiments  such  a  scheme  could  not 
be  employed,  and  moreover  the  rat's  body  often  got  smeared  with  the 
vaseline  used  to  keep  the  lid  air  tight,  so  that  it  was  useless  to  record 
the  body  weight. 

Consideration  of  Results 

The  laotal  temperattua  of  Ui«  rats. —  We  have  noted,  in  recording  ihe 
rectal  temperature  of  the  rats,  that  great  care  has  to  be  taken  that 
the  thermometer  is  well  inserted  in  the  rectum,  as,  on  the  diet  of 
bread  and  water  on  which  the  rats  were  kept,  the  large  amount  of 
fxces  may  quite  markedly  affect  the  reading  on  the  thermometer 
unless  it  is  well  inserted.  The  normal  temperature  of  the  rats 
used  in  the  experiments  varied  from  99.5°  to  101.4°  F.,  the  average 
being  100.2°  F.  This  is  practically  the  same  as_  that  given  by 
Pembrey.' 

The  rectal  temperature  of  rats  kept  at  rest  in  atmospheres  between 
30°  and  33°  C.  for  considerable  periods  of  time  did  not  appear  to  show 
any  difference  according  to  whether  the  atmosphere  was  dry  or  moist. 
Below  35°  C.  the  rats  could  be  kept  for  any  length  of  time  without 
being  killed,  and  the  rectal  temperature  did  not  rise  above  103°  or 
104°  F.  By  referring  to  Tables  11  and  III  evidence  on  this  point 
will  be  obtained.  At  higher  temperatures,  namely,  at  37°  C,  the  rec- 
tal temperature  quickly  rose,  and  the  rats  could  not  be  kept  at  such 
a  temperature  for  much  more  than  half  an  hour  without  being  killed 
by  hyperpyrexia.  After  being  in  such  an  atmosphere  for  half  an  hour, 
the  rise  in  rectal  temperature  was  practically  the  same  whether  the 

'  Pembrey:  art.  The  chemistry  of  respiration;  Schafer's  Physiology; 
YouKG,  J.  Pentland:  Edinburgh,  1898,  i,  p.  790. 
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air  was  moist  or  dry,  as  will  be  seen  from  the  following  table  of  re- 
sults (Table  I).'  In  these  observations  the  work  apparatus  was  not 
employed,  although  in  practically  all  o(  them  the  rats  were  moving 
about  actively  while  in  the  chamber. 


TABLE   I. 

Naiure  of 

of  chamber. 

(Fahr.). 

Remarks. 

Before. 

After. 

Dry 
Dry 
Dry 

37 
37-39 
35-37 

101.0 

1M.4 

JOS  J 
103.0 

In  all  these  observations 
the  rats  were  kept  for  half 
an  hour  in  the  chajnbet,  after 
which   they  were   removed 
and  Che  rectal  temperature 
taken. 

Dry 

36-38 

99,8 

105.2 

Dry 

36-39 

1000 

106.0 

Dry 

36-37 

1W.4 

Wei 

36-38 

100.S 

106.2 

Wet 

36-38 

99.5 

106,2 

Wet 

35-37 

105,0 

Wet 

36-37 

99.6 

105.8 

Wet 

36-37 

99.6 

106  5 

The  excretion  of  oarboD  dloxtda.  — The  results  relating  to  the  excre- 
tion of  this  are  given  in  Tables  II,  III,  IV,  and  V.  In  the  ex- 
periments of  which  Tables  II  and  III  give  the  results  the  rats  were 
placed  in  a  porcelain  basin  covered  with  wire  gauze,  and  this  was 
then  placed  in  the  respiration  chamber.  In  connection  with  these 
it  will  be  noticed  that  the  general  average  of  the  results  is  the  same 
in  the  dry  as  in  the  moist  air.  In  certain  of  the  preliminary  ex- 
periments which  we  performed  there  appeared  to  be  a  distinctly 
greater  excrelion  in  the  moist  as  compared  with  the  dry  air,  but  when 
the  average  of  a  large  number  of  the  observations  is  taken,  and  espe- 
cially when  the  same  rat  is  employed  for  both  the  wet  and  dry  air 
observations,  it  is  evident  that  no  such  differences  exist.  Such  dif- 
ferences as  are  occasionally  noticed  {e.  g.  in  the  case  of  rats  i  and  2) 

'  There  seems,  from  these  results,  to  be  a  greater  rise  in  the  moist  than  in  the 
dry  air,  but  we  believe  this  is  accidental. 
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A. 

In  Dry  Air. 

Number 
of  rat  and  its 

weight  in 

Duralion 
of  obser- 
vation in 

Rate  of 
ventila- 
tion in 

C.C.  per 

Rectal 
temp,  of 

Loss  in 
weight  of 
rat  per 

and  kilo. 

CO,per 
and  kg. 

Averages 
of  CO, 

excretion. 

I.  2W 

30 
30 
32 
60 

60 

lodi 

101.8 
104.4 

0.069 
0.080 
0.06S. 
0.031 

o.aj4 

0.034 
0.032 

0.030 

0.0325 

II.  177 

30 
100 
120 

ISO 

100.8 
100.6 

a067 
0.038 

0.039 

0.032 

0.031 
0.031 

a0313 

III.  174 

30 

30 

130 

IO1V2 

0.02Sf 
0.061 

0.032 
0.031 

0.031S 

rv.  139 

30 
30 

0.102 
0.059 

a026 

a032 

0X)29 

Average  of  all  oburv 

.    0.0310 

a 

N  Moist  Air. 

I.  209 

130 

2X 
180 

no 

170 
160 

100.8 
102A 
101.8 

0,039 

0.037 
0.031 

0.031 
0030 

0.031 

0.0306 

II.  173 

60 

170 
200 
220 
182 

130 
90 
IZO 
180 

70 

lOJ.O 

101.6 
100.7 

0.058 
0.028 
0.026 
0.026 
0.027 

0.028 

0.028 
0.028 
0-029 
0.027 

III.  166 

165 

130 

0027 

0.029 

a0290    f 

IV.  133 

200 

2S0 
200 
18S 

90 
ISO 

180 
160 

103.6 

101.0 
101.3 
100.8 

0.033 
0.040 
0.033 
0048 

0.034 

0.035 
0.032 
a037 

0-0345 

Average  of  all  observ 

aliens    .    . 

.    0.0305 
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Obsekvations  on  the  Rectal  Temperature  * 
(FER  Kilo  Bodv  Weight  and  per  Minuti 
AT  330  C. 


A. 

In  mv  AIR. 

Number 

of  rat  and  its 
weight  in 

Duration 
of  obser- 
vation in 

Rate  of 

ventila- 
tion in 

Rectal 
temp,  of 

rat  on 
removal. 

Loss  of 
weight  of 

^fn^: 
and  kilo. 

CO,  per 

minute 
and  kilo. 

Averages 

of  CO, 
eicration. 

I.  208 

40 
60 
120 
16S 

210 

360 

•     260 

300 

100.6 
103.8 
102.6 
103.2 

0.066 

0.064 
0.050 
0,075 

0.036 

0.033 
0.038 

0.036 

II.  183 

20 
20 
00 
20 
ZOO 

170 
220 
290 
210 
220 

100.6 
102  2 
105.0 
103.6 

0,056 
0,045 
0,054 
0,062 
0.059 

0.030 

aojo 

0.035 
0.033 
0fl32 

a032 

III,  160 

30 
200 

160 
410 

100.8 
101.8 

0072 
0066 

6.(B3 

0.033 

IV.  133 

60 
120 

ISO 
200 

180 
220 
330 

180 

102.2 
101.6 
102.0 
101.2 

0072 
0,078 
0.047 
0.060 

0.037 
0.039 
0-031 

0.032 

0.035 

Average  of  all  observations    . 

.    0.034 

B. 

N  Moist  Air. 

I. 

135 
143 
90 

60 
30 
160 

102,8 
102.2 
10Z.3 

0.076 
0065 
0.056 

0.033 
0.035 
0.036 

0.036 

II. 

III. 

180 
60 

140 
210 

101.8 
102.4 

0.033 
O.0Z4 

0.033 
0.035 

0.034 

130 
160 

40 
JO 

1026 

101.7 

0.086 
a079 

0.038 
0.037 

a037J 

IV. 

50 
210 
80 

200 
250 
270 

101.2 
103.4 
10Z.Z 

0.061 
0.063 
a063 

0.012 
0.043 
0.0+6 

0.043 

.    0.0370 
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are  probably  to  be  accounted  for  by  differences  in  the  extent  to  which 
digestion  was  proceeding  at  the  time  of  the  observations,  for,  although 
all  the  rats  were  on  the  same  diet  (bread  and  water),  yet  some  of  them 
must  have  been  recently  feeding  when  removed  from  the  cage,  others 
not  for  some  time. 

The  influence  of  body  weight  on  the  excretion  of  carbon  dioxide  is 
not  so  distinct  as  when  the  observations  are  made  at  lower  tempera- 
tures.^ It  has  been  found,  namely,  that  as  the  body  weight  decreases 
the  excretion  of  carbon  dioxide  per  unit  of  time  and  body  weight 
becomes  greater.  This  is  due  to  the  greater  surface  in  relation  to 
body  weight  in  the  smaller  animals,  so  that  there  is  a  greater  loss  of  heat 
from  the  surface  of  the  body  by  radiation,  conduction,  and  convection, 
and  consequently  a  more  active  metabolism  to  make  good  the  increased 
heat  loss..  Now,  at  the  temperatures  worked  at  in  the  observations 
here  described,  the  heat  loss  by  these  means  is  reduced  to  a  minimum, 
so  that  to  maintain  the  body  temperature  scarcely  any  more  active  a 
tissue  metabolism  will  be  required  by  the  small  than  by  the  large 
rats. 

It  will  further  be  noticed  that  at  33°  C.  the  carbon  dioxide  excre- 
tion is  higher  than  at  30*  C.  For  all  animals  there  is  an  external  tem- 
perature at  which  the  metabolism  is  at  a  minimum  and  above  or 
below  which  it  becomes  increased.  In  the  case  of  the  dog  Page  found 
this  temperature  to  be  25°  C-  So  far  as  we  are  aware,  it  is  not  known 
for  small  animals  such  as  the  rat.  This  increased  metabolism  at  high 
temperatures,  acting  along  with  the  diminished  heat  loss,  accounts 
for  the  rapid  rise  in  rectal  temperature  which  we  have  seen  to  occur 
when  the  temperature  of  the  chamber  is  above  35°  C? 

In  the  observations  of  which  Tables  IV  and  V  give  the  results  the 
rats  were  placed  in  the  work  apparatus  already  described.  The  temper- 
ature of  the  chamber  was  not  kept  so  constant  as  in  the  rest  experi- 
ments, and  was  as  a  rule  somewhat  higher  than  in  these.  In  Table 
IV,  ..4,  the  results  of  the  dry-air  experiments  are  given,  and  in  IV,  B, 
those  for  moist  air.     In  Table  V  it  will  be  noticed  that  in  each  obser- 

'  Viiie  Pembrey  :  Loc.  tit. 

'  It  will  be  noticed  {Tables  II  and  111)  that  the  loss  of  body  weight  is  often 
less  in  the  wet  than  in  the  dry  air  experiments.  In  the  former  the  urine  and  faeces 
passed  during  the  experiment  will  not  evaporate,  and  since  the  inspired  air  is 
already  saturated,  or  nearly  so,  with  water,  there  will  be  little  loss  of  water  through 
the  lungs.  In  the  latter,  on  the  other  hand,  the  urine  and  fxces  passed  during  the 
experiment  will  dry  out  and  the  loss  of  water  through  the  lungs  will  not  be  inter- 
fered with. 
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Obsirvations  on  the  Rectal  Tf.mperat 
(PEK  Kilo  Body  Weight  and  pek  MI^ 
IN  A  Chamber  at  Temperatu 


D  Carbon  Dioxide  Excretion 
f  Kats  doing  Muscular  Work 

;■>  AND  36°  c. 


A 

Dry  a 

R. 

Weight 

of  rat. 

Dura- 
tion of 

obser- 
vation 
(min.). 

Tem- 
perature 

chamber. 

Rectal 
temper- 
ature of 

removal. 

and  kilo. 

Rate  of 
ventMa- 

C.C,  per 
minute. 

45' 

Remarks. 

103.8 

30 
30 

33 

0.059 

ao6i 

260 

30 

101.4 

0.067 

300 

0.062 

In  chapiber  2  hrs. 

172.9(B) 

40 

34-35 

O.067 

50 

34 

0.059 

0-063 

In  chamber  2}  bra. 

176.4 

60 

34.S 

0.061 

300 

80 

34.5 

0.067 

150 

30 

35 

0.100 

250 

60 

20 

32.5 

0.120 

30 

34 

0.082 

300 

0086 

In  chamber  5  J  hrs. 

110.0 

30 

33-35 

0.076 

60 

35 

100.4 

0.073 

0.0745 

In  chamber  2^  hrs. 

11S.Z 

30 
SO 

34 

0.064 
0.066 

100 

150 

60 

35 

0.077 

260 

30 

36 

106.2 

0.076 

0071 

In  chamber  3  hrs. 

1Z0.0 

70 

34 

0.064 

200 

30 

100.8 

0.069 

0.076 

In  chamber  2  hrs. 

11S.0 

40 

3S 

0.073 

300 

40 

35 

0.074 

220 

40 

35.5 

101.4 

0.091 

300 

0.079 

In  chamber  3  hrs. 

1Z4-J 

70 

40 

3S-36 

0.072 

400 

40 

35 

0.075 

400 

30 

35.5 

0.062 

250 

40 

36 

104.0 

0.080 

.... 

0-072 

In  chamber  31  hrs. 

Gt 

ndavera, 

0.073 
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TABLE   IV   {cenliniuii). 


B. 

Moist  Air. 

Weight 

Dura- 
tion of 
obser- 
vation 
(mir..). 

perature 
chamlier. 

Rectal 
temper- 
removal. 

copper 
and  kilo. 

Rale  of 
ventila- 

Aver- 

Remarlu. 

15&6(R) 

70 
24 

31.5 

0063 
0.063 

350 

30 

0.054 

0067 

Dura'nofBx.2ihr». 

157.9  (R) 

30 
30 

31.S 

0046 

00687 

20 

0,044     ]     ... 

10 

100.8 

0.069 

0.057 

Dura'nofex.2hrs. 

180  81B) 

60 
60 
60 

305 
32i 

0.063 
0.090 
ai09 

Chamber  not  per- 
fectly air-tight. 

60 

102.5 

0089 

OOSS 

Dura'nof«i.5hrs. 

IZJ^(L) 

■W 

32 

0.088 

125 

40 

32 

0082 

225 

30 

lOU 

0.081 

66 

0.083 

Dura'iiofei.2his. 

ne.9[L) 

30 

35 

0071 

100 

30 

35 

0.066 

SO 

60 

35 

0.054 

60 

35 

0.116 

so 

30 

3S.2 

0071 

250 

30 

35.5 

103.5 

0.094 

0082 

Dura'nofei.4hra. 

)S3.6(N) 

30 

36-37 

0.071 

330 

20  m.  after  removal 

30 

36-37 

106.2 

0.087 

300 

0079 

temp,  was  102. 
Rat  wai  dead 
next  morning. 

160.4  (R) 

30 

36-37 

0.112 

fut 

After  ibout  30  min, 
rat  was  seen  10  be 
exhausted.  Died 
a  tew  hours  after 
removal. 

123.0  (L) 

SO 
30 

35 
35 

0.079 
0.068 

300 

40 

35 

102.0 

0.063 

0.070 

Gr 

md  average    .    . 

0075 
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vation  the  air  was  changed  from  dry  to  wet  while  the  experiment  was 
in  progress.  This  was  accomplished  by  changing  the  ingoing  air 
current  from  passing  through  a  sulphuric  acid  tower  to  one  contain- 
ing sponge  soaked  in  water  and  running  water  at  the  same  tem- 
perature as  that  of  the  chamber  down  the  inlet  tube  into  the  latter. 


Observations  on 
Chamber  Hei 
vation  the  a 


TABLE   V. 
E  Carbon  Dioxide  Kxcrk' 


OF  Rats  doing  Work  in  a 
5  First  Half  of  the  Obser- 
NG  THE  Second  Half  Moist. 


Weight 

of  rat 

in  grama. 

Nalure 

of  air. 

Dura- 
tion of 
obser- 

perature 

cham- 
ber. 

CO,  per 

and  kilo. 

for  c6^ 

Remarks. 

1Z5.S 

Dry 

30 

33 

0064 

In  dry  air  90  min. 

Dry 

30 

0.061 

00625 

Interval  of  15  min. 

Wet 

30 

35 

0.057 

Wet 

30 

0.064 

Wet 

30 

ao7i 

0.0620 

Inwet»irl20min. 

108.2 

Dry 

30 

33 

0.060 

In  dry  air  90  min. 

Dry 

30 

0.045 

0.0525 

Interval  of  15  min. 

Wet 

30 

34 

0.a54 

Wet 

30 

0.W5 

aot9 

Inwetair90.nin. 

Ul.l 

Dry 

30 

34 

0.058 

In  dry  air  90  min. 

Dry 

30 

0.067 

0.062S 

Inletval  15  min. 

Wet 

« 

35 

0.057 

Wet 

30 

0.053 

O.OSS 

In  moist  air  90  min. 

At  the  start  in  these  experiments  the  chamber  did  not  of  course 
contain  sulphuric  acid  but  had  been  thoroughly  dried  before  placing 
the  rat  in  it.  It  will  be  seen  that,  so  far  as  the  carbonic  acid  excretion  is 
concerned,  there  is  no  difference  between  the  wet  and  the  dry  air  exper- 
iments. In  general  the  highest  results  both  in  wet  and  in  dry  air  are 
obtained  when  the  temperature  of  the  chamber  is  high,  but  the  rela- 
tionship of  body  weight  to  the  excretion  is,  as  in  the  rest  experiments, 
not  evident.  As  a  general  average  the  excretion  of  carbonic  acid 
during  work  is  twice  as  great  as  during  rest.  It  is  surprising  that 
the  increased  tissue  combustion,  which  this  points  to,  did  not  cause  a 
much  more  rapid  rise  in  rectal  temperature. 
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Conclusion. 

The  deleterious  influence  of  a  hot  humid  atmosphere  as  contrasted 
with  a  dry  one  at  the  same  temperature  is  not  evident  in  the  case  of 
small  animals  such  as  rats.^  This  is  because  such  animals  do  not 
depend,  to  any  extent  at  least,  on  evaporation  of  moisture  in  regulat- 
ing the  heat  loss  from  their  bodies. 

'  Such  aaimals,  therefore,  wilt  not  be  able  to  withstand  very  hoi,  dry  atmospheres 
as  well  as  mao  can. 
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Iktroduction, 

THE  experiments  reported  in  this  paper  were  begun  primarily  to 
test  the  relative  efficiency  of  various  inorganic  salt  solutions  on 
the  isolated  mammalian  heart  under  similar  conditions  of  temperature 
and  pressure,  with  a  view  to  determining  the  most  suitable  fluid  and 
the  optimum  conditions  for  restoring  the  mammalian  heart  to  effi- 
ciency in  situ.  The  results  of  Porter '  and  his  pupils,  of  Langendorff,* 
and  other  workers,  as  well  as  observations  of  our  own  on  mammalian 
hearts  after  restoration,  both  isolated  and  in  situ,  had  led  to  the 
belief  that  the  activity  of  the  isolated  mammalian  heart  bore  a  close 
relation  to  the  blood  pressure  in  the  coronary  arteries.  This  question 
was  re-investigated  by  direct  experiments  on  the  excised  heart. 

1  PoRTEK  :  This  journal,  1898,  i,  p.  Jtl. 

'  LANGENDORyF :  Archiv  fiir  die  gesammte  Physiologic,  1895,  Ixi,  p.  291. 
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Porter^  and  Langendorff^  have  recently  given  reviews  of  the  litera- 
ture. Only  a  few  papers  will  be  referred  to  in  connection  with  various 
special  points  as  they  arise  in  the  paper.  Two  preliminary  notes* 
have  appeared. 

Methods. 

1.  Tbe  regnlatlon  of  th*  prManro.  — -  A  standpipe  two  metres  high 
furnished  the  pressure  for  injection.  It  was  provided  with  an  inlet 
tube  connected  with  the  water  faucet  and  an  outflow  tube  at  the  bot- 
tom, and  overflow  pipes  at  intervals  of  20  cm.  along  the  side,  the  first 
being  60  cm.  above  the  outflow  pipe.  The  outflow  tube  led  from  the 
bottom  of  the  standpipe  to  a  large  glass  hotile  filled  with  air.  Air 
pressure  was  transmitted  through  tubing  from  this  large  bottle  to  the 
bottle  containing  the  fluid  used  for  perfusion.  The  height  of  the 
column  of  water  in  the  standpipe  was  regulated  by  opening  or  closing 
the  orifice  at  the  lower  end  of  the  overflow  pipes,  which  were  con- 
tinued downward  from  the  point  where  they  left  the  standpipe  to 
terminate  at  a  uniform  level  below  the  opening  of  the  outflow  tube. 
Opening  all  the  overflow  pipes  leaving  the  standpipe  above  a  certain 
level,  or  closing  all  below  this  level,  gave  a  column  of  water  in  the 
standpipe  of  any  desired  height,  and  permitted  rapid  changes  of 
pressure,  either  from  low  to  high  or  conversely.  By  making  the 
inflow  from  the  faucet  larger  than  any  possible  outflow  through  the 
pressure  bottle,  the  height  of  the  column  could  be  made  constant  to 
within  a  few  millimetres  of  water.  If  necessary,  the  height  of  the 
water  column  could  be  increased  5o  or  70  cm,  by  lowering  the  pres- 
sure bottle  below  the  lower  end  of  the  standpipe.  The  pressure 
actually  used  for  perfusion  was,  in  most  cases,  recorded  on  a  drum 
by  a  mercury  manometer  connected  with  the  perfusion  cannula  in  the 
coronary  artery.  The  pressure  used  varied  from  40  mm,  to  240  mm, 
of  mercury, 

2.  Th«  i«gi)lation  of  tbe  temperature.  —  A  tank  holding  about  five 
gallon:!  was  elevated  above  the  table  sufficiently  to  allow  water  to 
flow  from  an  opening  in  the  bottom  of  it  into  the  top  of  the  jacket 
of  a  large  condenser.  The  outflow  was  from  the  bottom  of  the 
jacket.  The  tank  was  filled  with  warm  water  from  the  laboratory 
supply.     If  necessary,  the  water  in  the  tank  was  heated  by  burners 

'  Porter  :  American  text-book  of  physiology,  1900,  i,  p.  179, 

*  Langendorpf  :  Ergebnisae  der  Physiologic,  1905,  abth.  2,  p.  764. 

*  GUTHRIB  and  Pike:  Science,  1^06,  N.  S.,  xxiv,  p.  52;  Biophysikalisches  Cen- 
tralblatt,  1906.  ii,  p.  [JL. 
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placed  beneath  it.  Thermometers  were  placed  in  the  outlet  tube 
from  the  tank  and  in  the  condenser.  The  relatively  large  volume 
of  the  water  in  the  tank  prevented  any  great  or  rapid  changes  in 
temperature.  The  fluid  used  for  perfusion  was  led  from  the  bottle 
containing  it  through  the  worm  of  the  condenser  and  then  through 
the  glass  tubes  with  rubber  connections  to  the  heart  to  be  perfused. 
The  bulb  of  a  third  thermometer  was  placed  in  the  fluid  at  the 
mouth  of  the  injection  cannula, 

3.  The  preparatioa  of  the  bvart. —  The  animals  were  etherized  and 
bled  until  respiration  ceased.  The  heart  was  then  rapidly  excised 
and  the  pericardium  removed,  the  blood  being  defibrinated  in  the 
meantime.  If  the  heart  was  sufSciently  large,  as  in  dogs,  cats,  and 
rabbits,  a  cannula  was  usually  introduced  into  the  anterior  coronary 
artery  (following  Porter's  method),  although  sometimes  into  the  aorta. 
In  the  case  of  very  small  hearts,  e.  g.,  of  guinea  pigs  and  kittens,  the 
cannula  was  introduced  into  the  aorta.  In  a  few  experiments  the 
cannula  was  tied  into  the  coronary  sinus  and  the  perfusion  made 
through  the  coronary  veins  (after  the  method  of  Porter  and  Pratt'). 

The  heart  was  suspended  by  the  base  and  connected  with  a  writing 
lever  by  a  thread  usually  attached  near  the  apices  of  the  ventricles. 
In  some  experiments  auricular  tracings  also  were  taken  by  a  second 
lever.  The  fluid  used  was  applied  to  the  exterior  of  the  heart  before 
perfusion  was  begun.  During  the  perfusion  the  heart  was  usually 
kept  sufficiently  wet  by  fluid  escaping  from  the  coronary  vessels,  but, 
when  necessary,  its  outer  surface  was  moistened  with  it.  The  hearts 
of  guinea  pigs,  rabbits,  cats,  and  dogs  were  used,  but  most  of  the 
experiments  were  done  on  cats'  hearts.  A  few  turtle  hearts  were 
used  for  comparison. 

4.  The  preparation  of  the  flnldB.  —  (rt)  Of  the  various  current  salt 
solutions,  four  were  mainly  used.     The  formulas  are  given  below, 

Howell  and  Greene's  Solutions. 

Per  cent.  Gm.  per  litre. 

I.*  NaQ     ....     0.700  7.00 

CaCI,    ....     0.026  o.z6 

KCl 0.030  0.30 

II.    NaCl     ....     0.700  7.00 

CaCI,    ....     0.066  0.66 

KCI 0.040  0,40 

'  Pratt:  This  journal,  1898,  i,  p.  86, 

'  Greene:  American  journal  of  physiology,  1898,  ii,  p.  106. 
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Locke's'  Solution, 

Per  ceni.  Gm.  per  litre, 

I.    NaCI     ....     0.900  9.000 

Dextrose    .    .    .     o.ioo  i.ooo 

CaCl,    ....     o.oao  0.200 

KCl      ....     o.oao  0.100 

II.    Thesamesolution,  with  the  addition  of  0.1  gm. 

of  sodium  bicarbonate  per  litre. 

Several  of  Ringer's  solutions  and  0.9  per  cent  sodium  chloride  were 
used  for  comparison.  As  a  rule,  no  special  technique  was  employed 
for  oxygenating  the  solutions  other  than  shaking  them  thoroughly 
and  letting  them  stand  in  contact  with  the  air.  Locke's  and  similar 
solutions  (also  blood  dilutions)  were  in  some  cases  oxygenated  by 
oxygen  at  atmospheric  pressure  and  the  heart  was  kept  in  an  atmos- 
phere of  oxygen.  Only  slightly  better  results  were  obtained  than  by 
the  usual  technique. 

{h)  Blood  and  serum  dilutions,  and  the  proteid  containing  fluids.  — 
The  defibrinated  blood  of  the  animal,  diluted  with  three  to  ten  vol- 
umes of  0.9  per  cent  sodium  chloride  solution,  was  more  frequently 
employed  than  any  other  fluid. 

Washed  red  blood  corpuscles  in  0.9  per  cent  sodium  chloride,  and 
blood  serum  as  free  from  corpuscles  as  possible,  each  diluted  with 
several  volumes  of  0.9  per  cent  sodium  chloride,  were  also  used. 
The  relative  proportion  of  corpuscles  in  the  washed  corpuscle  suspen- 
sion, and  the  relative  proportion  of  serum  in  the  serum  mixture,  were 
the  same  as  in  the  defibrinated  blood  diluted  i  to  5. 

A  haemoglobin  solution,  obtained  by  laking  the  red  corpuscles  by 
drying^  them  at  room  temperature  and  extracting  with  0.9  per  cent 
sodium  chloride  solution,  was  employed  in  one  experiment. 

A  solution  containing  the  inorganic  salts  of  the  blood  serum  was 
made  by  diluting  250  c.c.  of  ox  serum  to  one  litre  with  distilled  water, 
boiling  and  filtering.  The  filtrate  was  evaporated  to  dryness,  the 
residue  made  up  to  250  gm.  with  distilled  water,  extracted  for 
twenty-four  hours,  and  again  filtered.  This  second  filtrate  was  used 
for  perfusion. 

Egg-white  was  dissolved  in  0.9  per  cent  sodium  chloride  solution 
and  used  in  a  few  experiments,  but  with  unsatisfactory  results. 

'  Locke:  Centralblatt  fiir  Physiolagie,  1901,  xlv,  p.  672. 

^  GtjTKRiE:  American  journal  of  physiology,  1903,  vil,  p,  241. 


Digitized  by  Google 


i8  C.  C.  Guthrie  and  F.  H.  Pike. 

Another  fluid  was  made  from  cow's  milk.  The  milk  was  allowed  to 
stand  on  ice  for  some  hours,  after  which  the  portion  below  the  cream 
was  siphoned  off,  strongly  acidified  with  hydrochloric  acid  to  precipi- 
tate the  casein,  and  filtered.  The  filtrate  was  then  rendered  slightly 
alkaline  with  sodium  carbonate.  Before  using,  the  alkaline  filtrate 
was  diluted  by  adding  to  It  about  three  volumes  of  0.9  per  cent  sodium 
chloride  solution  in  order  to  bring  down  the  concentration  of  the  in- 
organic constituents  other  than  sodium  and  chlorine,  as  the  former 
exist  in  milk  in  greater  concentration  than  in  blood  serum.  The 
dilution  also  increases  the  proportion  of  sodium  and  chlorine,  which 
exist  in  a  much  lower  concentration  in  milk  than  in  serum.  To  de- 
termine the  effect  of  heating  on  the  action  of  milk  prepared  in  this 
way,  a  part  of  the  filtrate  was  heated  to  85°  or  100°  C.  on  a  water 
bath  for  an  hour  or  more  and  again  filtered.  This  second  filtrate, 
diluted  as  above  with  0.9  per  cent  sodium  chloride  solution,  was  then 
used  for  perfusion.  The  milk  used  was  obtained  from  a  very  large 
dairy,  and  was  therefore  of  average  and  nearly  constant  composition. 

It  is  not  difficult  to  see,  from  the  analyses  of  milk  given  by  Konig 
and  Soldner,'  that  the  inorganic  constituents,  with  the  exception  of 
magnesium  oxide  and  phosphorus  pentoxide,  would  be  present  in  our 
fluid  in  about  the  same  proportion  found  in  the  artificial  salt  solutions. 
Sugar  would  be  present  in  a  considerably  greater  amount  than  in 
Locke's  solution,  and  of  a  dififerent  kind,  namely,  lactose. 

Washed  hydrogen  'gas,  prepared  from  metallic  zinc  and  sulphuric 
acid,  and  commercial  parafHn  oil  were  the  only  fluids  employed  which 
were  free  from  inorganic  salts. 

The  Nutrition  of  the  Excised  Mammalian  Heart. 

I.  Tbe  aoUon  of  tbe  salt  aolntloas.  —  All  the  salt  solutions  employed 
produced  beats  more  or  less  rhythmical  in  character,  which  terminated 
in  a  comparatively  short  time,  apparently  either  through  the  production 
of  rigor  in  the  ventricles  or  from  exhaustion  of  the  heart.  Delirium 
cordis  is  relatively  easy  to  produce  by  means  of  these  solutions.  The 
beat  of  the  heart  is,  in  general,  more  rapid  and  far  more  irregular 
than  with  fluids  containing  serum  proteid.  The  external  application  of 
these  solutions  to  the  heart  almost  invariably  produced  contractions,  if 
the  heart  had  not  been  excised  too  long  (Fig.  i). 

'  Cited  by  Hammarsten:  Text-book  o£  physiological  chemislry,  fourtb  English 
edition,  1904,  pp.  448  et  seq. 
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Locke's  solution,  containing  o.oi  per  cent  of  sodium  bicarbonate, 
has  given  better  results  than  any  of  the  others  employed.  The  rela- 
tion of  the  hypotonicity '  of  Howell  and  Greene's  solutions  to  their 
stimulating  effect,  as  well  as  their  composition,  must  be  considered  in 
forming  an  opinion  of  their  action  on  the  mammalian  heart,  and  the 


Figure  1.  —  Cat's  heart.  The  injection  cannula  was  full  of  Locke's  solution  when  con- 
nected with  the  tube  from  the  milk  raaeTvoir.  The  MK  beats  arc  due  to  the  Locke's 
solution.    Up  strokes  indicate  systole,  down  strokes  diastole.    Time  trace  in  seconds. 

relative  isotonicJty  of  Locke's  solution  may  be  one  reason  why  it 
conserves  the  beat  of  the  mammalian  heart  longer  than  the  other  salt 
solutions  used. 

2.  Ttie  aSact  of  blood  and  ■amm  dilations, — Defibnnated  blood, 
diluted  with  three  to  ten  volumes  of  0.9  per  cent  sodium  chloride  so- 
lution, conserved  the  beat  of  the  heart  for  long  periods  of  time,  usually 
longer,  in  fact,  than  we  cared  to  continue  the  experiment  The  ven- 
tricles did  not  go  into  rigor,  and  delirium  cordis  never  resulted  at 
ordinary  injection  pressures. 

Serum,  freed  from  corpuscles  and  diluted  with  0.9  per  cent  sodium 
chloride,  gave  results  as  good  as  were  obtained  by  the  use  of  dilutions 
of  defibrinated  blood. 

Red  blood  corpuscles,  washed  free  from  serum  and  mixed  with  sev- 
eral volumes  of  0.9  per  cent  sodium  chloride,  did  not  give  as  good 
results  as  dilutions  of  detibrinated  blood  or  of  serum  alone  (Fig,  2). 

The  suspension  of  laked  corpuscles  did  not  give  as  good  results  as 

'  Carlson  ;  This  journal,  1906,  kv,  p.  351. 
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the  other  fluids,  and  caused  much  trouble  by  clottingduring  perfusion. 
The  fluids  most  frequently  used  were  defibrinated  blood  and  serum 
dilutions. 

All  the  defibrinated  blood  or  serum  mixtures  produced  rhythmical 
and  co-ordinated  beats,  slower,  as  a  rule,  than  resulted  from  perfusion 
with  the  salt  solutions,  and  they  continued  for  a  much  longer  time. 

The  aqueous  serum  extract,  although  doubtless  containing  some 
proteid,  did  not  sustain  the  activity  of  the  excised  heart  as  long  as 
the  unheated  serum.  The  action  of  the  heart,  as  regards  regularity 
and  co-ordination  of  the  beat,  resembled  more  closely  that  following 
perfusion  with  Locke's  solution  than  that  produced  by  perfusion  with 
the  blood  dilutions.  Greene^  has  used  a  similar  aqueous  extractor 
the  serum  salts  of  the  terrapin  on  strips  of  terrapin's  ventricle.  The 
action  was  more  like  that  of  diluted  serum  than  that  of  Ringer's 
solution.     Undiluted  serum  produced  no  beats. 

3.  Tbe  affaot  of  milk  and  whay. — Von  Ott'  first  showed  that 
milk  and  whey  would  sustain  the  activity  of  the  frog's  heart.  Ringer,' 
using  I  to  3  C.C.  of  milk  to  each  100  c.c.  of  saline  solution,  kept  a 
frog's  heart  beating  regularly  for  a  long  time.  Bufalini  and  Torsellini  * 
found  that  milk  and  whey,  even  when  dialyzcd,  neutralized,  and  made 
up  to  the  normal  sodium  content,  were  toxic  to  the  turtle's  heart. 
The  original  paper  is  not  accessible  to  us,  and  we  are  unable  to  learn 
whether  or  not  the  milk  was  diluted.  As  will  be  pointed  out  below,  un- 
diluted milk  will  not  long  sustain  the  beats  of  the  mammalian  heart 

Howell  and  Cooke"  used  an  aqueous  extract  of  dried  milk,  which 
contained  the  inorganic  salts  and  the  sugar,  and  were  thereby  able  to 
sustain  contractions  of  the  frog's  heart  for  considerable  periods. 

Milk  containing  caseinogen  is  unsuitable  for  perfusion  of  the 
mammalian  heart,  for  the  reason  that  the  caseinogen  coagulates  in 
the  coronary  vessels  and  seriously  interferes  with  the  perfusion.*     It 

'  Greene;  American  journal  of  physiology,  1898,  ii,  p- hi. 

^  Kronecker:  Archiv  Tiir  Physiologic,  1881,  p.  569;  V.  Ott,  Ibid,  1883,  p.  1. 

*  Ringer  :  Journal  of  physiology,  i88j,  vi,  p.  364. 

*  Bufalini  and  Torsellini  ;  Bolletino  dalla  Societa  tra  i  cultori  di  scienie 
mediche.  Anno  IV,  No.  5,  Sienna,  1886;  cited  by  Finn,  Zeltschrift  fiir  Biologic, 
1905,  xxix,  p.  329. 

*  Howell  and  Cookb  :  Journal  of  physiology,  1893,  xiv,  p.  Z09. 

'  Edmunds:  Journal  of  physiology,  1896,  xix,  pp,  466-476,  has  found  milk-cur- 
dling ferments  in  testis,  liver,  kidney,  brain,  mesenteric  lymph  glands,  thyroid  gland, 
small  intestine,  ovary,  and  in  a  blood  clot.  Judging  from  the  behavior  of  milk 
containing  caseinc^en,  the  presence  of  such  a  ferment  in  mammalian  heart-tissue 
seems  probable. 
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has  been  found,  also,  that  if  the  undiluted  whey  fluid,  after  precipita- 
tion of  the  casein  and  neutralization  of  the  hydrochloric  acid,  is  in- 
jected, the  activity  of  the  heart  is  not  long  maintained.  The  fluid 
prepared  as  previously  described  gives  results  more  nearly  approxi- 
mating those  of  blood  and  serum  dilutions  than  any  other  fluid  em- 
ployed. The  beats  were  strong,  rhythmical,  well  co-ordinated,  and 
maintained  as  long  as  we  desired  to  continue  the  experiment  (Fig.  t). 
The  left  ventricle  did  not  go  into  rigor,  even  after  being  for  twenty- 


FlGlTRE  Z.  —  TwiMhirds  ihe  original  size.  Kitlen's  heart.  Perfusion  with  suspension  of 
waslied  corpusclei  in  0.9  per  cent  NaCI.  Note  the  secondary  series  of  beats  following 
complete  stoppage  of  Ihs  heart  after  the  pressure  has  fallen  to  the  base  line.  Time 
trace  in  seconds. 

four  hours  and  more  in  contact  with  the  solution.  If  the  fluid  is 
heated  to  85"  to  100°  C.  and  filtered,  the  filtrate  does  not  main- 
tain the  activity  of  the  heart  as  long  as  the  unhealed  fluid,  and  rigor 
of  the  left  ventricle  is  more  likely  to  come  on.  The  external 
application  of  the  milk  preparation  to  the  heart  did  not  cause 
contractions. 

4.  The  effisot  of  hydrogan  gaa  and  paraffin  oil.  —  The  injection  of 
hydrogen  gas  ^  into  the  coronary  arteries  was  sufficient  to  cause 
rhythmical  beats,  not  very  strong  nor  long  maintained,  but  fairly  well 
co-ordinated  and  regular.  The  injection  of  paraffin  oil  into  the  coro- 
nary arteries,  in  accordance  with  Sollmann's^  statement,  produced 
rhythmical  contractions.  We  did  not,  however,  first  perfuse  the  heart 
with  Locke's  solution,  as  Sollmann  did.  There  could  be,  therefore,  in 
our  experiments  no  introduction  of  inorganic  salts  into  the  coronary 
arteries  except  such  as  were  already  present  in  the  tissues. 

*  Markus:  Archiv  flir  experimen telle  Patholt^ie  und  Pharmakologie,  1902, 
xlvii,  p.  300. 

*  Sollmann:  This  journal,  1906,  xv,  p.  iji. 
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The  Relation  of  the  Activity  of  the  Excised  Heart  to 
Pressure  in  the  Coronarv  Vessels, 

Tschirjew'  found  that  increase  of  intra-cardiac  pressure  up  to  a 
certain  limit  produced  in  most  cases  a  more  rapid  rate  of  the  iso- 
lated frog's  heart.  Ludwig  and  Luchsinger^  found  that  the  pulse  rate 
of  the  isolated  frog's  heart  increased  with  pressure.  This  was  more 
particularly  true  of  the  heart  deprived  of  its  sinus  and  of  the  gan- 
glion-frcc  apex.  Sewall  and  Donaldson,'  working  with  the  isolated 
frog's  heart,  failed  to  get  any  noticeable  variation  in  rate  with  change 
of  intra-cardiac  pressure.  Stewart*  states  that  in  the  isolated  frog's 
heart  in  situ  the  rate  is  not  generally  affected  by  change  of  pressure. 

Martin'  found  that  variations  in  the  blood  pressure  did  not 
affect  the  rate  of  the  dog's  heart  after  it  was  severed  from  all  connec- 
tion with  the  body  except  the  connection  with  the  lungs.  The  cause 
of  Martin's  failure  to  obtain  a  change  in  the  rate  with  a  change  in 
pressure  will  later  be  considered  in  detail. 

Magrath  and  Kennedy,^  working  with  the  isolated  heart  of  the  cat 
in  situ  and  using  defibrinated  blood  for  perfusion,  were  unable^to  get 
any  considerable  change  in  the  rate  with  change  in  pressure  in  the 
coronary  arteries.  The  pressures  which  they  used  in  their  experi- 
ments (50  to  90  mm.  mercury)  were,  in  general,  lower  than  those 
which  we  used,  and  lower  than  the  normal  blood  pressure  of  a  vigor- 
ous cat.  As  the  normal  cat's  heart  is  capable  of  maintaining  a  blood 
pressure  of  150  to  200  mm.  of  mercury,  it  is  possible  that  their  range 
of  pressure  was  not  great  enough  to  give  the  change  in  rate. 

With  Locke's  solution  and  other  salt  solutions,  the  heart  becomes 
arhythmical,  and,  as  stated  above,  goes  into  delirium  cordis  at  com- 
paratively low  pressures,  and  the  beat  soon  becomes  unco-ordinated, 
so  that  change  in  rate  with  change  in  pressure  is  not  so  noticeable. 
With  albuminous  fluids  such  as  blood  and  its  dilutions  and  the  milk 
preparation,  and  also  with  paraffin  oil,  the  change  of  rate  with  change 
of  pressure  at  constant  temperature  is  striking. 

'  TsCHIRjEW:  Archiv  fiir  (Anatomic  unci)  Physiologic,  1877,  p-  iSo. 

*  LUDWiG  and  Luchsingek  :  CentralblaU  fiir  die  medicinisclie  Wissenschaflen, 
1879,  p.  404. 

'  Sewall  and  Donaldson;  Journal  of  physiology,  1882,  iii,  p.  357- 

*  Stewart:  Journal  of  physiology,  1S92,  xiii,  p,  140. 

'  Martis;  Collected  physiological  papers,  1895.  p.  25;  cited  by  Howell: 
Text-book,  1905,  p.  52S. 

'  Magrath  and  Kennedy:  Journal  of  experimental  medicine,  1897,  ii,  p.  13. 
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Starting  with  a  low  pressure,  the  beat  has  at  first  a  slow  rhythm 
with  a  comparatively  small  amplitude.  As  the  pressure  is  gradually 
increased,  the  rate  becomes  higher,  and  the  strength  of  the  contraction 
increases  until  a  certain  pressure,  which  wc  shall  call  the  optimum 
pressure,  is  reached,  at  which  there  exists  the  maximum  rate  without 
a  decrease  in  amplitude.  If  the  pressure  is  increased  still  more,  the 
rate  becomes  higher,  but  the  amplitude  is  decreased.  As  the  optimum 
pressure  of  injection  is  exceeded,  the  diastole  of  the  heart  becomes 
less  and  less  complete,  until  there  is  produced  a  tracing  bearing  a 
striking  resemblance  to  the  genesis  of  tetanus  in  skeletal  muscle. 
Delirium  cordis  may  result  if  a  very  high  pressure  is  used. 

The  relzktion  between  pressure  of  injection  and  rate  of  beat  may 
best  be  shown  numerically.     This  relation  is  as  follows:  — 


Variation  in  pressure,  94,4  per  cent.     Variation  in  rate.  1  z6.6  per  cent. 

With  Locke's  solution,  delirium  cordis  may  be  induced  at  a  pres- 
sure often  lower  than  the  normal  blood  pressure  of  the  animal. 
Working  with  blood  dilutions,  wc  have  induced  a  very  high  rate  at 
high  pressures  in  the  hearts  of  adult  cats  and  dogs,  but  have  only 
occasionally  succeeded  in  inducing  delirium  cordis.  With  kittens' 
hearts  we  have  been  able  to  produce  delirium  cordis  even  with  the 
blood  dilutions.  If  the  pressure,  after  it  has  passed  the  optimum,  be 
reduced,  the  rhythm  becomes  slower  and  the  amplitude  greater  until 
the  optimum  is  reached,  below  which,  as  the  pressure  falls  still  lower, 
there  is  a  concomitant  decrease  in  amplitude  along  with  the  change 
in  pressure.  The  rate  and  the  amplitude  at  corresponding  pressures 
when  rising  and  falling  agree  very  closely.  Extreme  pressures  some- 
times rupture  the  vessels  so  that  the  heart  does  not  recover  very  well 
when  the  pressure  is  lowered. 

At  low  pressure,  when  the  heart  is  first  beginning  to  beat,  there  is 
a  gra<fual  increase  in  amplitude  until  a  maximum  for  that  pressure  is 
reached,  when  there  appears  in  the  tracing  a  second  beat,  each  one 
occurring  between  two  of  the  stronger  beats,  barely  rising  above  the 
base  line  at  first,  but  gradually  becoming  stronger  until  it  equals  in 
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amplitude  the  original  beat.  On  lowering  the  pressure,  the  second 
beat  appears  in  inverse  order,  becoming  gradually  weak«-  until  it 
ceases,  after  which  the  remaining  beat  diminishes  in  amplitude  until 
it  also  finally  ceases.  This  double  beat  is  shown  in  the  tracings  of 
Magrath  and  Kennedy,'  and  has  also  been  observed  by  Cushny;* 
and  Mathews,^  following  the  administration  of  substances  of  the 
digitalis  series  and  of  aconitin  respectively.  Dr.  Lingle*  has  ob- 
served it  in  strips  of  the  turtle's  heart. 

When  the  pressure  of  the  injected  fluid  is  reduced  to  about  zero, 
the  beat  of  the  heart  entirely  stops  for  some  minutes,  following  which 
there  sometimes  occurs  a  series  of  peculiar  beats  (Fig.  2).  Finally 
these  beats  cease,  and  no  more  appear  until  the  pressure  of  the 
injected  fluid  is  again  raised  to  a  suitable  level.  This  secondary 
group  of  heart  beats  bears  a  striking  analogy  to  the  "  secondary  " 
group  of  respirations  of  the  Cheyne-Stokes  type  following  cerebral 
anxmia.' 

The  optimum  pressure  for  the  heart  varies  with  the  temperature 
and  nature  of  the  fluid,  with  the  individuality  of  the  heart,  and  also 
at  different  times  during  the  experiment  with  the  same  heart.  A 
higher  pressure  is  generally  needed  to  produce  the  same  effect  two 
hours  after  perfusion  is  begun  than  at  the  start.  With  the  blood  or 
serum  dilutions  or  milk  the  optimum  pressure  for  hearts  in  good  con- 
dition is  not  far  from  the  normal  blood  pressure  of  the  animal,  and 
the  rhythm  at  this  optimum  pressure  is  very,  nearly  the  normal 
cardiac  rhythm  of  the  animal.  On  the  other  hand,  the  optimum 
pressure  for  the  salt  solutions  is  less  than  the  normal  blood  pressure. 
If  the  perfusion  is  begun  before  the  heart  has  ceased  to  beat,  a  very 
low  pressure  is  the  optimum,  and  the  change  in  rate  with  change  in 
pressure  is  not  so  apparent. 

A  sudden  and  great  fall  from- high  to  low  pressure  may  be  followed 
in  the  excised  heart  (<?)  by  a  sudden  slowing  or  even  stoppage  of  the 
heart  followed  by  the  same  rhythm  previously  observed  for  that  pres- 
sure, or  (^)  by  a  very  rapid  rhythm  which  soon  decreases  to  that 
previously  observed  for  that  pressure, 

'  Magrath  and  Kennedy  ;  Loc.  cit. 

*  CuSHNV :  Journal  of  experimental  medicine,  C897,  ii,  p.  233. 

*  Mathews:  Ibid.,  p.  593. 

*  Persona.lly  communicated. 

*  Stewart,  Cuthkie,  Burns,  and  Pike:  Journal  of  experimental  medicine, 
1906,  viii,  p.  300. 
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The  first  result  bears  a  striking  resemblance  to  partial  or  complete 
vagus  inhibition  in  the  intact  heart,  and  the  second  is  much  like  the 
acceleration  of  the  heart  in  situ  which  follows  a  sudden  fall  in  blood 
pressure  in  the  intact  animal.  Stewart'  has  also  observed  the  stand- 
still in  diastole  of  the  isolated  frog's  heart  when  the  intra-cardiac 
pressure  is  suddenly  lowered. 

The  change  in  rate  is  due  to  change  in  pressure  alone,  and  not  to  a 
concomitant  change  in  temperature.  An  increase  of  pressure  pro- 
duces an  increase  in  rate  even  where  the  temperature  of  the  perfused 
fluid  is  falling. 

Perfusion  of  the  Excised  Heart  through  the  Coronarv  Veins. 
The  cannula  was  inserted  into  the  sinus,  and  the  fluid  escaped 
through  the  coronary  arteries  or  from  the  capillaries  when  the  ventricles 
were  freely  incised.  When  blood  and  its  dilutions  were  perfused,  rhyth- 
mical beats  of  the  heart  occurred.  The  character  of  the  beat  differs 
somewhat  from  that  produced  by  perfusion  through  the  coronary 
arteries.  The  amplitude  is  less,  and  the  rate  greater  than  would  be 
produced  by  the  same  pressure  in  the  coronary  artery.  The  relation 
between  the  rate  and  the  pressure  in  the  vein  in  a  typical  experiment 
is  as  follows : 

Pressure  in  mm.  Beats  per 


Variaiion  in  pressure,  191.4  per  cent.    Variaiion  in  rate,  270  per  cent. 

From  the  above  fads  we  conclude  (a)  that  the  presence  of  a  suil- 
able  fluid  somewhere  in  the  coronary  circulation  at  a  suitable  pressure 
is  sufficient  to  cause  rhythmical  beats  of  a  heart  in  proper  condition. 
ijb)  The  fact  that  the  pressure  in  the  coronary  vein  necessary  to  pro- 
duce beats  must  be  high  enough  to  permit  the  passage  of  the  fluid 
into  the  capillaries  is  strong  evidence  that  it  is  the  presence  or  pres- 
sure of  the  blood  in  the  capillaries,  and  not  its  passage  along  or 
pressure  in  the  coronary  artery  or  vein,  which  is  the  essential  thing 
to  produce  rhythmical  beats  of  the  heart. 

■    '  Stewart:  Loc.  cit.,  pp.  143,  153. 
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The  Effect  of  Tempehature, 

No  attempt  was  made  to  study  exhaustively  the  effect  of  tem- 
perature on  the  heart,  but  some  of  the  phenomena  incidentally 
observed  in  the  course  of  the  experiments  are  given  here. 

The  effect  of  temperature  on  the  excised  mammalian  heart  is 
probably  more  marked  than  on  the  frog's  heart.  The  heart  of  the 
mammal  may  not  work  at  all  at  a  given  pressure  if  the  temperature 
is  low,  but  as  the  temperature  is  raised,  it  rather  suddenly  begins  to 
beat.  As  the  temperature  is  raised  still  more,  the  pressure  remaining 
constant,  the  beat  becomes  faster  until  the  point  of  heat  standstill  is 
reached.  The  most  favorable  temperatures  for  the  excised  mammalian 
heart  appear  to  lie  between  33"  and  n-l"  C.  Heat  standstill  in 
diastole  of  the  heart  occurs  at  about  38.5°  to  40°  C,  when  the  milk 
preparation  is  used. 

These  limits  are  considerably  narrower  than  those  found  by  Langen- 
dorff  and  Nawrocki,'  who  obtained  beats  of  the  cat's  heart  at 
temperatures  of  46°  C.  and  above,  and  as  low  as  20°  C.  when  blood 
dilutions  were  used  for  perfusion.  The  effect  of  the  general  nutrition 
of  the  e.xcised  heart  upon  its  resistance  to  change  in  temperature  and 
to  heat  standstill  may  be  one  further  cause  of  the  difference  in  result. 
U  is  not  probable  that  the  nutrition  of  the  heart  is  as  good  when  the 
milk  preparation,  particularly  after  heating,  is  used  for  perfusion  as 
when  blood  dilutions  are  used,  and  because  of  this  poorer  nutrition, 
it  is  possible  that  the  heart  may  succumb  the  easier  to  the  higher 
temperatures.  Although  our  observations  on  Locke's  fluid  are  too 
few  to  warrant  drawing  conclusions,  there  are  some  indications  that 
it  causes  heat  standstill  at  lower  temperatures  than  blood. 

Robertson,^  from  a  study  of  the  relation  between  temperature  and 
the  rate  of  heart  beat  in  a  crustacean,  concludes  that  a  chemical 
reaction  is  involved  in  the  rhythmically  contracting  heart. 

Gaskell*  has  supposed  that,  in  the  perfectly  quiet  frog's  heart, 
stimulation  of  the  augmentor  nerves  cannot  elicit  beats,  and  that 
when  the  heart  is  apparently  roused  to  activity,  slight  beats  of  the 
sinus  or  auricles  have  been  going  on  with  blocking  of  conduction  at 
the  auriculo-ventricular  groove.     Whether  this  is  correct  or  not  for 

'  Laxgendorff:  Archiv  fur  die  gesammte  Physiologic,  1857,  Ixvi.  p.  35J 
*  Robertson:  Biological  bulletin,  1906,  x,  p.  242. 

■  Gaskell;  Schakfhh's  Text-book,  1900.  it,  p.  217  ;  see  al.so  IlF.mxr. :  Archiv 
fiir  die  gesamnite  Physiologic,  1906,  cxv,  p.  354. 
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the  frog's  heart,  we  can  state  that  it  does  not  hold  for  the  cat's  heart 
in  heat  standstill  at  the  minimum  temperature  necessary  to  produce 
the  standstill.  There  are  no  beats  of  the  auricles  of  the  cat's  heart  in 
this  condition,  but  the  whole  heart  is  completely  stopped.  Further- 
more, we  liave  many  times  caused  contractions  of  the  completely 
quiescent  cat's  or  dog's  heart  by  electrical  or  mechanical  stimulation 
of  the  nervi  accelerantes. 

Recovery  from    heat   standstill,  when    milk  or  serum  is  used  for 
perfusion,  is  entirely  possible  if  the  temperature  be  lowered,  and  the 


FiGl'RE  3.  — One-half  the  original  size.  Heac-slanil still  of  cat's  heart.  Milk  solution 
used  for  perfusion  had  previouily  been  healed  lo  S5°  C.  Temperature  at  niiiuih  of 
perfasiou  cannula  was  39=  C.  when  heart  stopped.  Temperatxire  36.5"  C.  when  lieart 
again  started  to  beat.     Pressure  remained  constant.     Time  trace  in  seconds, 

heart  may  beat  strongly  and  regularly  afterward  for  an  hour  or  more 
(F'g-  3)-  Heat  rigor  of  the  ventricles  does  not  occur  in  heat  standstill 
if  the  temperature  is  not  permitted  to  go  above  40°  C.  when  the 
protcid  fluids  are  used  for  perfusion.  We  confirm  Herlitzka^  on  this 
point. 

Although  Sollmann^  neither  looked  for  nor  noted  the  connection 
between  pressure  in  the  coronary  arteries  and  the  rate  of  the  heart 
beat,  an  inspection  of  his  protocols  shows  this  effect  of  pressure,  but 
the  accompanying  changes  of  temperature  obscure  it  to  some  extent. 

Miscellaneous  Results,  and  Discussion. 

The  difference  between  the  reaction  to  pressure  of  the  intact  heart 
in  situ  and  of  the  excised  heart  is  striking.  It  is  well  known  that  in 
the  normal  animal  with  the  cardiac  nerves  intact  a  high  blood  pres- 
sure is  associated  with  a  slow  cardiac  rhythm.^  Nawrocki  found  that 
after  section  of  both  vagi  and  cervical  sympathetics,  changes  in  blood 

'  Hrrhtzka  :  Zeitsehrift  fiir  allgemeiiie  Pliv.siologie,  t<ja$,  v,  p.  265. 

^  SOLLMANN  :  Loc.  cU. 

'  See  Aubeht:  Hermann's  Handbuch  dcr  l'liysiolof;ie,  iv,  i  t,  p.  397;  and 
CoLSON'  :  Archives  de  biologic,  1890,  x.  p.  431,  for  the  earlier  literature.  See  also 
Herlilzka  :   Archiv  fiir  die  gesnmmte  Physiologic,  190;,  cvii,  p.  557. 
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pressure  had  no  effect  on  the  rate  of  the  heart  in  situ.  Tschirjew 
found  that  in  most  cases  great  and  sudden  changes  in  blood  pressure 
affected  the  heart  even  after  section  of  all  the  cardiac  nerves.  A  fall 
of  blood  pressure  caused  an  increase  in  pulse  rate,  and  a  rise  of 
blood  pressure  caused  a  slowing  of  the  heart.  MacWilliam '  states 
that  the  heart  is  insensitive  to  changes  of  blood  pressure  after  com- 
plete section  of  the  extrinsic  cardiac  nerves.  We  have  produced 
great  and  rapid  changes  in  pressure  by  occluding  by  means  of  a  liga- 
ture and  releasing  the  thoracic  aorta  of  cats,  and  have  found  that 
after  complete  section  of  the  extrinsic  cardiac  nerves  there  is  either 
no  change  in  the  pulse  rate,  or  an  increase  in  the  rate  with  a  fall  in 
pressure  and  a  decrease  in  rate  with  a  rise  in  pressure.  Even  when 
all  the  extrinsic  nerves  are  cut,  the  heart  in  situ  does  not  follow  the 
law  of  the  excised  heart  as  regards  pressure  changes.  The  conclusion 
seems  inevitable  that  there  is  a  local  controlling  mechanism  normally 
present  in  the  heart  in  situ  which  is  inactive  in  the  excised  heart 
under  the  conditions  of  our  experiments.  The  nature  of  this  control- 
ling mechanism  is  unknown  to  us.  From  the  well-known  lower  re- 
sistance of  nervous  tissue  to  injurious  influences,  e.g.,  asphyxia,  and 
the  greater  difficulty  in  keeping  it  active  in  excised  organs,  one  is 
inclined  to  regard  this  controlling  mechanism  as  nervous  in  nature. 
On  this  view,  the  greater  stability  of  the  rhythm  of  the  heart  in  situ 
in  the  face  of  changes  of  pressure  would  be  due  to  an  intrinsic  nervous 
mechanism  which  Kaiser^  postulates. 

It  is  obvious,  also,  from  a  consideration  of  the  response  of  the 
excised  heart  to  pressure  changes,  that  the  all  or  none  law  fails  to 
hold  under  the  conditions  of  our  experiments. 

We  have  much  evidence,  obtained  from  a  study  of  the  heart  in  situ, 
that  the  loss  of  function  of  this  mechanism,  whatever  it  may  be,  in 
the  excised  heart,  is  closely  connected  with  the  temporary  stoppage 
of  the  circulation  The  rate  of  the  heart  in  situ,  when  started  by  per- 
fusion of  a  suitable  fluid  after  comparatively  long  periods  of  stoppage, 
varies  directly  as  the  pressure  in  the  aorta.  The  stow  rate  of  the 
intact  heart  with  high  pressure  is  not  due  to  the  inability  of  the  heart 
muscle  to  contract  as  rapidly  against  a  high  pressure  as  against  a 
low  pressure." 

•  MacWilliam:  British  medical  journal,  1904,  ii,  p.  739. 

'  Kaiser  :  ZeilschriEt  fiir  Biologic,  1893,  nxix,  p.  203;  fbid.,  1894,  xxx,  p.  379. 
See  also  Henderson  ;  This  journal,  1906,  xvi,  pp.  359-362. 

'  One  of  us{P.)  lias  found  in  a  single  ejiperiment  on  a  dog  that,  after  section  of 
all  the  extrinsic  cardiac  nerves  and  the  intravenous  injection  of  atropine  in  sufficient 
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If  the  conditions  of  the  experiment  are  such  that  the  activity  of 
this  controlling  mechanism  is  conserved,  increase  in  pressure  of  the 
perfused  fluid  will  not  cause  an  increase *in  the  rate  of  the  excised 
heart.  These  conditions  may  have  been  fulfilled  in  Martin's^  experi- 
ments, and  also  in  Magrath  and  Kennedy's' work.  On  this  view, 
we  can  also  understand  why  the  isolated  frog's  heart  in  sitit  should 
fail  to  respond  to  changes  of  intra-cardiac  pressure  by  a  change  in 
rate. 

In  some  instances,  when  the  excised  heart  has  been  beating  slowly, 
the  coronary  arteries,  or  the  tissues  immediately  surrounding  them, 
have  been  observed  to  pulsate,  and  the  beat  to  spread  from  the  ves- 
sels over  tht  ventricles.  There  is  a  peculiar  shortening  of  the  vessels, 
all  drawing  up  toward  the  common  point  of  origin  of  the  larger  ves- 
sels. If  two  strips  of  kitten's  ventricle,  the  first  one  taken  from  the 
left  ventricle  so  as  to  include  longitudinal  portions  of  the  larger 
branches  of  the  anterior  coronary  artery,  and  the  second  cut  from  the 
anterior  margin  of  the  right  ventricle,  but  including  longitudinal  por- 
tions of  the  smaller  vessels  only,  he  susp>ended  under  a  tension  of  a 
few  grams'  weight,  attached  to  a  muscle  lever  and  irrigated  with  0.9 
per  cent  sodium  chloride  solution,  the  deportment  of  the  two  strips  is 
very  different.  The  first  strip  soon  goes  into  tonus,  the  curve  rising 
rather  abruptly  from  the  base  line  to  a  height  which  soon  becomes 
uniform.  Small,  more  or  less  rhythmical  contractions  may  appear 
sup>erp>osed  on  the  tonus  curve,  but  are  not  constant.  The  second 
.strip  shows  no  tonus  phenomena  at  all,  but  soon  begins  to  tteat  more 
or  less  irregularly  (Fig.  4).  Howell^  has  obtained  rhythmical  con- 
tractions similar  to  those  exhibited  by  the  second  strip  of  ventricle 
from  a  strip  of  vena  cava  taken  from  the  terrapin. 

A  longitudinal  strip  of  a  cat's  thoracic  of  abdominal  aorta,  suspended 
under  the  same  conditions  as  the  ventricular  strips,  shows  the  same 
deportment  as  the  first  ventricular  strip  containing  the  longitudinal 
portions  of  the  coronary  artery.  Irrigation  with  Howell  and  Greene's 
or  Locke's  solutions  will  produce  the  same  tonus  effect  on  the  strip  of 
aorta  as  irrigation  with  sodium  chloride  solution. 


o  throw  out  the  inhibitory  function  of  the  vagus,  the  heart  in  situ  follows 
the  law  of  the  excised  heart,  showing  a  higher  rate  during  high  than  during  low 
blood  pressure. 

'  Martin:  Loc.  cH. 

'  Magrath  and  Kennedy:  Loc.  cit. 

•  Howell  :  American  journal  of  physiology,  1898,  ii,  p.  57. 
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The  area  at  the  anterior  margin  of  the  right  ventricle  manifests  a 
peculiar  deportment  in  certain  other  points.  This  area  is  apparently 
very  sensitive  to  many  dinerent  influences.  It  oftens  remains  con- 
tracted when  other  parts  of  the  ventricles  are  relaxed,  presenting  the 
appearance  of  tonus.  Contractions,  more  or  less  rhythmical  in  cliar- 
acter,  may  be  seen  here  when  the  rest  of  the  heart  is  quiet.  Occa- 
sionally, also,  stimulation  of  the  accelerators  will  cause  contraction  in 
this  area  when  the  rest  of  the  heart  fails  to  respond.  On  opening  the 
thorax  after  asphyxiation  of  the  animal,  we  have  often  noticed  fibrilla- 
tions in  this  area  while  no  movement  was  visible  in  other  parts  of  the 
heart. 

Martius  *  showed  that  the  frog's  heart,  after  exhaustion  from  saline 
solution,  could  be  revived  by  perfusion  with  saline  solution  contain- 
ing 3  to  5  mg.  of  sodium  carbonate  in  lOO  c.c.  Martius  was  of  the 
opinion  that  after  exhaustion  from  the  second  fluid  the  heart  could 
be  revived  only  by  perfusion  with  a  fluid  containing  albumin.  Howell 
and  Cooke'  state  that  such  a  heart  may  be  revived  by  perfusion  with 
a  saturated  solution  of  calcium  phosphate  in  physiological  salt  solution, 
to  each  too  C.C.  of  which  were  added  3  c.c.  of  a  one  per  cent  solution  of 
potassium  chloride  (Ringer's  solution).  Howell  states  that  the  beats 
of  a  heart  perfused  with  Ringer's  solution  were  not  so  normal  as  those 
of  a  heart  perfused  with  serum.  Hearts  perfused  with  a  solution  of 
inorganic  salts  of  serum,  minus  the  extractives,  showed  a  tendency  to 
form  Luciani's'  groups,  /,  e.,  alternate  periods  of  contraction  and  rest. 
Gothlin,*  working  with  frog's  hearts,  found  that  the  addition  of  serum 
proteid  to  a  solution  of  the  inorganic  salts  of  the  blood  (Serumsalz- 
fliissigkeit)  would  restore  the  activity  of  the  heart  or  prolong  it  for 
several  hours.  Similar  results  have  been  obtained  by  other  observers, 
among  them  being  White.' .  White  answers  Howell's  contention  by 
saying  that  the  hearts  Howell  worked  with  were  not  fully  exhausted 
in  Martius'  sense  of  the  term,  and  reaffirms  the  statement  of  Martius 
that  frogs'  hearts  which  have  ceased  to  beat  on  perfusion  with  Ringefs 
solution,  and  which  do  not  respond  to  strong  electrical  stimulation,  can 
be  revived  only  by  perfusion  with  a  fluid  containing  proteid.  In  a 
later  paper'  Howell  reaffirms  his  former  position. 

I  Martius  :   Arcliiv  fiir  Physiologie,  1882.  p.  543, 

•  Howell  and  Cooke  :  Journal  of  physiology,  1893,  xiv,  p.  200. 

•  Vide  Hermann  ;  Handbuch  der  Physiologie,  iv,  i  t.,  p-  363. 

•  GOthlin:  Skandinavisches  Archiv  fiir  Physiologic,  1902,  xii,  p.  1. 

•  White  :  Journal  of  physiology,  1896,  xix,  p.  344. 

'  Howell;  American  journal  of  physiology,  1898,  ii,  p.  50. 
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Baglioni^  has  shown  that  the  inorganic  salts  arc  incapable  of  main- 
taining the  activity  of  the  Selachian  heart,  but  that  the  addition  of  two 
per  cent  of  urea  to  the  fluid  used  would  give  a  solution  capable  of 
maintaining  cardiac  activity  for  a  long  time. 

The  mammalian  heart  is  more  sensitive  to  the  action  of  salt  solu- 
tions than  the  frog's  or  turtle's  heart,  and  the  irregularities  are  more 
noticeable  than  in  the  frog's  heart.  Group  formation  is  particularly 
likely  to  occur  with  Locke's  solution.     If  a  heart  which  is  exhausted 
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FlGUKE  4.  —  One-half  the  original  size.  Two  strips  of  kitten's  ventricle  suspended  and 
irrigated  with  0-9  per  cent  NaCl.  The  lower  strip  was  cut  so  as  to  include  a  consid- 
erable portion  of  the  anteriot  coronary  artery.  The  upper  strip  was  cut  fr«m  the 
sensitive  area  at  the  anterior  margin  of  the  right  ventricle.  The  relative  conditions 
of  the  two  strips  some  six  hours  later  are  shown  at  i. 

from  perfusion  with  Locke's  solution,  and  which  shows  Luclani's 
groups,  is  perfused  with  blood  or  serum  fluids,  or  with  milk  prepared 
as  above,  the  groups  may  continue  until  the  heart  finally  stops,  or,  in 
case  of  restoration  of  the  heart,  until  replaced  by  a  regular,  rhythmi- 
cal beat.  If  the  perfusion  with  Locke's  fluid  is  stopped  for  a  time  by 
removing  the  pressure,  a  more  rhythmical  beat  may  result  on  resum- 
ing the  perfusion,  but  the  groups  soon  reappear.  When  the  mam- 
malian heart  is  nearly  exhausted  and  perfusion  is  begun  with  the 
milk  dilution,  one  group  of  beats  may  follow  at  a  given  pressure,  but 
on  the  cessation  of  the  beats  of  this  group  the  heart  will  not  contract 
again  until  the  pressure  is  raised,  when  another  single  group  may 
follow,  more  or  less  tardily,  the  rise  in  pressure.  The  upper  limit  of 
pressure  is  soon  reached,  and  no  more  groups  follow  a  still  further 
increase  in  pressure.  There  is,  then,  a  certain  limit  following  per- 
fusion with  salt  solutions  beyond  which  the  mammalian  heart  is  not 
readily  revived  by  perfusion  with  serum  or  milk  or  other  albumin- 
containing  fluid,  and  this  limit  is  apparently  much  lower  than  in  the 
frog's  heart. 

'  Baguuni:  Zeitschrift  ftir  Allgcmeine  Physiologie,  T906,  vi,  p.  yi. 


Digitized  by  Google 


I 


32  C.  C.  Guthrie  and  F.  H.  Pike. 

These  groups  are  not,  as  Gaskell '  contends,  due  to  a  blocking  of 
conduction  from  auricle  to  ventricle.  The  auricle  of  the  cat's  heart 
is  sufficiently  large  to  watch  with  a  lens  with  a  considerable  degree 
of  accuracy.  There  were  no  contractions  of  the  auricles  during  the 
period  intervening  between  any  two  successive  groups  of  ventricular 
beats.  Asynchrony  of  auricles  and  ventricles  is  very  common  in 
excised  mammalian  hearts  during  perfusion  with  artificial  solutions, 
but  Luciani's  groups  may  occur  independently  of  this  asynchrony. 

The  difference  in  the  rhythm  and  character  of  the  beat  produced 
by  perfusion  with  Locke's  solution,  as  compared  with  the  beat  pro- 
duced by  perfusion  with  such  a  fluid  as  the  milk  preparation,  maybe 
shown  by  leaving  the  injecting  cannula  full  of  Locke's  solution  and 
connecting  with  the  reservoir  containing  the  milk  preparation. 
When  the  pressure  is  turned  on,  the  first  fluid  passing  through  the 
heart  is  Locke's  solution,  and  it  is  immediately  followed  by  the  milk. 
The  pressure  of  injection  being  the  same  for  both  fluids,  the  contrast 
is  somewhat  striking  (Fig.  i).  The  slower,  more  regular  beat  under 
the  influence  of  the  milk  is  sharply  marked  off  from  the  rapid, 
irregular  rhythm  due  to  the  Locke's  solution.  When  the  perfusion 
is  started  with  the  cannula  full  of  milk,  the  first  beats  are  as  regular 
as  any  of  the  others. 

It  may  be  questioned  whether  hydrogen  gas,  as  used  by  Magnus^ 
and  in  our  own  experiments,  is  an  indifferent  substance  for  the  heart. 
■  Hydrogen  is  slightly  soluble  in  water  and  the  other  fluids  of  the 
body,  and  it  may  be  objected  that  the  hydrogen  molecules  in  solution 
may  have  some  chemical  action,  but  it  is  improbable  that  this  would 
account  for  the  effect  obtained. 

Again,  cottonseed  oil,  which  undergoes  metabolism  in  the  tissues, 
may  conceivably  be  acted  upon  by  the  ferments  in  the  heart  tissue 
in  such  a  manner  as  to  yield  energy.  While  this  is  improbable, 
Sollmann's^  argument  for  a  physical  factor  in  the  cause  of  the  heart 
beat  would  thus  be  weakened.  When  the  heart  is  previously  flushed 
out  with  Locke's  solution,  as  in  SoUmann's  experiments,  it  may  be 
objected  that  enough  of  the  inorganic  constituents  remain  in  the 
coronary  system  to  cause  the  heart  to  beat  when  perfused  later  with 
paraffin  oil,  though  this  is  improbable.  There  is  small  reason  for 
believing  that  paraffin  oil  itself  is  acted  upon  by  the  tissues,  or  acts 

'  Gaskell:  Schaefer's  Text-book,  1900,  ii,  p.  227. 

*  Magnus  :  Li>c.  cit. 

*  Solluann  ;  Loc.  cit. 
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upon  them,  except  in  a  purely  physical  or  mechanical  way.  If  no 
inorganic  salts  exist  therein  except  such  as  are  normally  present  in 
the  tissues  before  perfusion,  the  evidence  seems  very  strong  that 
a  purely  mechanical  stimulus,  applied  within  the  coronary  vessels, 
will  cause  rhythmical  heats  of  the  excised  heart.  Howell  and  Cooke' 
state  that  "  if  one  examines  carefully  the  various  experiments  which 
have  been  made  from  time  to  time  with  the  purpose  of  showing  that 
blood  does  not  act  as  a  chemical  stimulus  to  the  heart,  the  objec- 
tion may  be  justly  made  that  they  do  not  definitely  exclude  such 
stimulation." 

On  examining  into  the  phenomena  presented  in  our  experiments, 
two  general  explanations  seem  open  to  us. 

As  it  is  impossible  to  get  rid  of  all  the  lymph  lying  in  the  tissue 
spaces  of  the  mammalian  heart  during  the  time  of  an  experiment,  we 
may  first  consider  the  relation  of  this  lymph  to  the  cause  of  the  beat. 
When  paraffin  oil  is  used  for  perfusion,  it  is  conceivable,  and  indeed 
probable,  that  the  pressure  of  the  lymph  upon  the  muscle  cells  and 
nervous  apparatus  of  the  heart  is  increased.  This  increase  of  pres- 
sure may,  in  itself,  so  modify  the  nutrition  of  these  cells  that  they 
again  become  capable  of  functioning.  It  is  possible,  also,  that  the 
lymph  surrounding  any  particular  cell  may  be  driven  away  by  the 
pressure,  and  a  fresh  supply  come  in  to  take  its  place.  The  source 
of  such  lymph,  however,  is  problematical.  The  lymph  might  there- 
fore be  regarded  as  the  direct  cause  of  the  heart  beat,  acting  inde- 
pendently of  the  nature  of  the  fluid  exerting  the  pressure  in  the 
coronary  arteries.  Since  the  inorganic  salts  of  the  blood  are  present 
in  lymph  also,  we  cannot,  on  the  above  view,  absolutely  exclude  them 
as  a  possible  cause  of  the  heart  heat.  Since  the  proteids  are  likewise 
present  in  lymph,  it  is  equally  impossible  to  exclude  them  from 
a  similar  rdle.  A  crucial  experiment  to  determine  whether  the 
inorganic  salts  of  the  blood  are  the  direct  cause  of  the  heart  beat  is 
therefore  still  lacking,  hut  it  appears  to  us  that  mere  intra -vascular 
pressure  can  no  longer  be  excluded  as  an  indirect  cause  of  the  heart- 
beat under  the  conditions  of  our  experiments. 

As  a  second  possibility,  we  may  consider  the  intra-vascular  pressure 

to'act  as  the  direct  cause  of  the  heart  beat.     When  the  cannula  is 

inserted  directly  into  the  coronary  artery,  the  pressure  at  the  mouth 

of  this  artery,  and  probably  in  its  larger  branches  also,  is  the  same  as 

'  Howell  and  Cooke  :  Journal  of  physiokigy,  1893,  xiv,  p.  218. 


Digitized  by  Google 


34  C.  C.  Guthrie  and  F.  H.  Pike. 

that  in  the  cannula.  Ceradini^  showed  that,  during  the  ventricular 
systole,  the  semilunar  valves  do  not,  as  was  previously  supposed,  close 
the  openings  of  the  coronary  arteries.  Rcbatel^  and  Porter*  have 
made  further  studies  of  the  coronary  circulation.  Porter  has  shown 
that,  in  the  living  animal,  the  pressure  curve  in  the  larger  branches 
of  the  coronary  arteries  does  not  differ  materially  from  the  pressure 
curve  in  the  carotid.  The  pressure  conditions  at  the  mouth  of  the 
coronary  artery  are,  therefore,  essentially  alike  in  the  intact  and  in 
the  excised  heart  during  perfusion.  We  may,  then,  assume  that  the 
whole  coronary  circulation  is  essentially  the  same  in  the  two  cases. 
Rebatel  has  measured  the  velocity  of  the  flow  tlirough  the  coronary 
arteries  and  Hnds  that  there  is  a  sudden  decrease  during  systole. 
According  to  Porter,  we  may  consider  the  intra-mural  capillaries  as 
empty  at  the  close  of  the  systole.  During  diastole  these  capillaries 
are  opened,  and  the  pressure  is,  for  a  time,  very  low.  The  capillaries 
do  not  long  remain  empty,  for  the  blood  from  the  larger  branches  of 
the  coronaries  rushes  in,  and  the  pressure  rapidly  rises.  -  As  above 
stated,  we  regard  the  circulation  in  the  capillaries  as  the  one  neces- 
sary for  the  production  of  rhythmical  beats,  and  the  circulation  in  the 
arteries  and  veins  as  important  only  because  it  is  a  necessary  condi- 
tion for  the  circulation  in  the  capillaries.  There  would  come  then, 
sometime  during  the  diastole,  a  mechanical  stimulus  to  contraction 
in  the  form  of  an  increase  of  pressure  in,  and  velocity  of  flow  through, 
the  intra-mural  capillaries.  This  stimulus  would  have  a  certain 
threshold  value  which  would  in  general  increase  as  the  experiment 
proceeded.  (It  has  already  been  stated  that,  in  general,  a  higher  in- 
jection pressure  is  necessary  to  produce  the  same  effect  as  the  exper- 
iment proceeds.)  As  the  pressure  for  injection  is  increased,  it  is  not 
difficult  to  see  that  the  intra-mural  capillaries  would  be  filled  more 
rapidly,  and  that  the  pressure  therein  would  reach  the  threshold  value 
more  quickly  after  the  beginning  of  diastole,  thus  causing  a  contrac- 
tion sooner  than  it  would  occur  with  a  low  injection  pressure.  The  chief 
variation  in  the  cardiac  cycle  is  the  variation  in  the  length  of  diastole, 
and  when  the  pulse  rate  is  high  the  diastolic  period  is  very  shorl.* 

'  Ceradini:  II  Meccanismo  delle  valvole  semilunari  del  cuore,  Gazzetta  Aledica 
Lombarda.  1871 ;  Opere,  ii,  p.  437  ;  Milan,  1906. 

^  Rgbatel  :  Recherches  euieri  men  tales  sur  la  circulation  dans  les  arteres 
coronaires,  Paris,  1872. 

»  Porter:  Tliis  journal,  i8gS,  i,  p.  145, 

*  He.vderson  :  Loc.  cit. 
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The  high  injection  pressure  therefore,  by  causing  the  stimulus  to 
reach  its  threshold  value  earlier  in  diastole,  gives  us  a  primal  condi- 
tion for  a  high  rate,  —  the  shortened  diastolic  period.  As  the  pressure 
is  increased  still  more,  the  impulse  to  contraction  would  come  before 
the  completion  of  diastole,  and  the  amplitude  of  the  beat  be  diminished 
because  of  the  consequent  incomplete  relaxation  of  the  ventricular 
walls.  Finally,  at  extremely  high  pressures  for  injection,  the  stim- 
ulus to  contraction  would  come  almost  at  the  instant  diastole  began. 
The  relaxation  of  the  ventricle  would  be  very  incomplete  and  the 
amplitude  of  the  beat  greatly  decreased,  but  the  rate  would  be  very 
high.  The  tracing  from  a  heart  under  these  conditions  bears  a 
strong  resemblance  to  the  genesis  of  tetanus  or  even  to  incomplete 
tetanus. 

At  the  highest  pressure  the  amplitude  of  the  systole,  as  well  as  the 
length  of  the  diastole,  is  apparently  greatly  decreased.  It  becomes 
a  question,  therefore,  as  to  whether  the  ventricles  are  able  to  contract 
fully  and  completely  empty  the  intra-mural  vessels  when  extreme 
pressures  are  used  for  injection.  And  furthermore,  it  is  but  a  short 
step  from  this  condition  to  delirium  cordis.  Indeed,  the  heart  may 
be  said  to  have  been  in  delirium  at  the  time  of  the  highest  pressure. 

It  is  therefore  not  necessary,  for  purposes  of  explaining  the  origin 
of  the  beat  and  the  regulation  of  the  rate  in  the  excised  heart,  to 
postulate  any  action  of  inorganic  salts. 

Since  blood,  although  containing  the  inorganic  salts,  produces  no 
contraction  of  the  heart  when  applied  externally,  but  does  produce  a 
rhythmical  beat  when  perfused,  at  a  suitable  pressure,  through  the 
coronary  vessels,  it  appears  to  us  that  the  pressure  alone  may  be  a 
factor  in  producing  the  beat  of  the  normal  heart. 

The  pressure  is,  in  all  probability,  not  the  only  factor  in  the  pro- 
duction of  the  normal  heart  beat,  since  the  excised  mammalian  heart 
may  continue  to  beat  without  perfusion  for  a  time  after  removal  from 
the  body.  Czermak  and  von  Piotrowski '  observed  that  the  excised 
hearts  of  rabbits  beat  for  periods  varying  from  three  and  one-fourth 
minutes  to  thirty-six  minutes  after  removal.  The  mean  period  for 
sixty  hearts  was  eleven  minutes  and  forty-six  seconds.  The  pressure 
in  the  coronary  arteries,  if  any  existed,  must  have  been  extremely 
low,  but  that  they  were  completely  empty  is  not  probable. 

It  should,  however,  be  borne  in  mind  that  in  the  intact  mammalian 

'  CzERM^K  and  von  Piotrowski  :  Sidungsberichteder  Kaiserlichen  Academic 
der  Wissenscliaflen  zu  Wien,  1857,  xxv,  p.  431. 
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heart  the  stimulus  necessary  to  be  applied  within  the  intra-mural 
capillaries  to  cause  contraction  has,  in  ail  probability,  a  vastly  lower 
threshold  value  than  in  the  excised  heart  after  stoppage.  The  mere 
entrance  of  the  blood  into  the  intra-mural  capillaries  may  be  a  suffi- 
cient stimulus  to  cause  a  contraction.  At  the  moment  of  excision 
we  must  suppose  this  threshold  value  of  the  slimulus  to  be  un- 
changed. There  is  still  some  blood  in  the  coronary  arteries,  and  this 
may  find  its  way  into  the  capillaries  during  diastole  and  afford  a  suf- 
ficient stimulus  to  contraction.  But  the  heart  tissue,  either  from 
the  lack  of  oxygen  or  impaired  nutrition,  possibly  from  both,  gradu- 
ally loses  its  irritability  until  the  threshold  value  of  the  stimulus  ne- 
cessary to  cause  contraction  rises  above  that  which  the  blood  in  ihe 
capillaries  is  able  to  exert,  and  the  heart  stops.  Certain  it  is  that  an 
extremely  low  pressure  for  injection  will  give  as  great  activity  of  an 
excised  heart  which  has  barely  ceased  to  beat  as  a  much  higher  pres- 
sure will  evoke  in  the  same  heart  some  hours  later. 

If  pressure  is  not  the  only  factor  concerned  in  the  production  of 
the  heart  beat,  can  we  find  a  further  important  factor  in  the  inorganic 
salts  of  the  perfusion  fluid?  There  is  good  indirect  evidence  to  the 
contrary,  and  this  is  supported  by  observations  on  the  effect  of  such 
solutions  on  the  other  tissues.  As  examples  of  such  action,  we  may 
take  the  following  instances. 

Of  the  many  attempts  to  produce  artificial  parthenogenesis  of  the 
eggs  of  the  sea  urchin  and  other  lower  forms  of  animal  life,  not  one 
has  as  yet  resulted  in  the  development  of  a  single  individual  to  sex- 
ual maturity,  and  the  r61e  of  the  inorganic  salts  is  still  far  from  clear. 

Attempts  to  maintain  the  activity  of  the  reflex  nervous  centres  of 
animals  by  perfusion  with  the  salt  solutions  have  resulted  in  failure. 
We  have  reviewed  the  literature  on  this  subject  in  a  previous  paper,' 
to  which  the  reader  is  referred  for  a  fuller  discussion. 

As  already  stated,  such  solutions  are  not  capable  of  maintaining 
the  activity  of  the  Selachian  heart  for  more  than  a  short  time.  In 
view  of  the  abnormalities  and  irregularities  appearing  in  the  tracing 
of  the  excised  mammalian  heart  under  their  influence  when  in  aque- 
ous solution,  and  of  their  general  incompetence  in  maintaining  other 
physiological  functions,  it  is  highly  improbable  that  the  inorganic  salts 
of  the  blood  are  the  direct  cause  of  the  normal  heart  beat. 

In  our  opinion,  there  exists  in  the  literature  a  certain  amount  of 
confusion  between  the  actual  cause  of  the  heart  beat  and  the  mainle- 
1  Guthrie,  Pike,  and  Stewart  ;  This  journal,  1906,  xvii,  p.  344. 
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nance  of  a  suitable  condition  which  permits  of  beats,  i.  e.,  the  main- 
tenance of  normal  nutrition  of  the  organ.  A  similar  confusion  exists 
between  the  stimuli  which  elicit  physiological  actions  of  many  other 
tissues  and  the  factors  on  which  their  nutrition  depends.  That  a 
chemical  reaction  is  involved  in  the  rhythmical  contraction  of  the 
heart  muscle'  is  scarcely  to  be  questioned.  That  this  reaction  is  the 
direct  cause  of  the  beat  is  not  so  evident.  It  is  our  opinion  that 
the  actions  of  the  inorganic  salts  upon  the  heart  need  extend  no  further 
than  their  action  in  other  tissues,  in  which  they  doubtless  assist  in 
the  nutritive  and  general  metabolic  processes. 

There  are  weighty  reasons  for  considering  that  fluids  act  upon  the 
heart  in  two  ways:  (1)  Certain  fluids,  such  as  blood  and  its  dilu- 
tions, and  milk,  properly  prepared,  are  nutritive  or  physiological  in 
their  effects;  (2)  Certain  other  fluids  are  purely  artificial  or  stimu- 
lating in  their  effects.  We  do  not  consider  the  action  of  fluids  of  this 
second  class  to  be  truly  physiological. 

The  train  nf  events  following  perfusion  of  the  excised  mammalian 
heart  with  the  inorganic  salt  solutions  is,  we  believe,  not  a  true 
picture  of  the  events  occurring  normally  in  the  intact  heart. 

Conclusions. 

1.  Increase  in  pressure  in  the  coronary  arteries,  up  to  a  certain 
limit,  causes  a  concomitant  increase  in  rate  and  amplitude  of  beat  in 
the  excised  mammalian  heart.  This  increase  in  rate  occurs  with  con- 
stant or  even  with  falling  temperature. 

2.  Increase  in  temperature,  up  to  a  certain  limit,  causes  an  increase 
in  the  rate  of  the  excised  mammalian  heart.  This  increase  occurs 
with  constant  pressure.     The  optimum    temperature  is  from  35°  to 

375°  C. 

3.  Heat  standstill  occurs  at  39°  to40°C.  The  heart  may  recover 
from  heat  standstill, 

4.  Defibrinated  blood  and  serum,  diluted  with  0.9  per  cent  sodium 
chloride  solution,  are  the  best  of  the  fluids  used  for  perfusing  the  ex- 
cised mammalian  heart.  Serum,  free  from  corpuscles,  gives  better 
results  than  corpuscles  free  from  serum,  each  being  diluted  to  the  .same 
degree.  Milk  whey,  prepared  by  precipitating  the  casein  with  hydro- 
chloric acid,  and  diluting  it  with  about  three  volumes  of  0.9  per  cent 
sodium  chloride  solution,  gives  results  closely  approximating  those 
obtained  by  perfusion  with  blood  and  serum  dilutions. 

•  RoBERTSO.v:  Loc.  cil. 
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5.  The  inorganic  salt  solutions  do  not  maintain  the  activity  of  the 
excised  mammalian  heart  as  long  as  the  albuminous  fluids.  Luciani's 
groups  appear  in  the  tracing,  and  the  heart  soon  stops,  presumably 
from  exhaustion. 

6.  Aqueous  extracts  of  serum  salts,  and  milk  whey  after  heating, 
produce  results  more  like  those  caused  by  the  inorganic  salts  than  by 
the  albuminous  fluids. 

7.  The  heart,  after  stoppage  from  the  inorganic  salt  solutions,  may 
often  be  restored  by  perfusion  with  the  albuminous  fluids. 

8.  Since  blood  produces  no  contractions  until  perfused  through  the 
coronary  vessels  at  a  suitable  pressure,  it  is  possible  that  there  is  a 
purely  physical  or  mechanical  element  in  the  cause  of  the  normal 
heart  beat. 

9.  In  a  slowly  beating  excised  heart,  the  coronary  arteries  or  the 
tissues  about  them  may  sometimes  be  seen  to  contract  and  the  beat 
to  spread  from  the  coronary  vessels  over  the  heart. 

A  strip  of  cat's  thoracic  or  abdominal  aorta,  when  suspended,  be- 
haves much  like  the  first  strip  of  ventricle. 

10.  A  circulation  in  the  capillaries  of  the  coronary  vessels  is  suffi- 
cient to  produce  beats  of  the  excised  heart,  and  pressure  on  the  walls 
of  the  larger  arteries  or  veins  is  not  an  absolutely  essential  condition. 

We  wish  to  acknowledge  our  obligation  to  our  colleagues  in  the 
department  of  physiology,  and  particularly  to  Prof.  G.  N.  Stewart,  for 
many  helpful  suggestions  during  the  progress  of  the  work. 
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AN    APPARENT    PHARMACOLOGICAL    "ACTION    AT    A 
DISTANCE"   BY   METALS  AND   METALLOIDS. 

By  a.    p.    MATHEWS, 

[Frvtn  Ike  LaboraPiry  of  Biochimhiry  and  PAarmiuology,   Univtrsily  of  Chicago^ 

A  SHORT  note  by  Herbst,'  in  1904,  called  attention  to  the  fact 
that  if  a  piece  of  silver  or  copper  was  placed  in  a  dish  with  sea- 
urchin  eggs  some  of  the  eggs  put  out  fertilization  membranes.  A 
very  minute  quantity  of  the  silver  was  sufficient  to  produce  the  result. 
Thus,  if  a  dish  which  had  had  a  coin  in  it  was  washed  with  only  or- 
dinary precautions  and  then  a  new  lot  of  eggs  put  in  it,  some  of  the 
latter  put  out  fertilization  membranes.  Silver  was  more  efficient  in 
producing  membranes  than  copper.  Minute  traces  of  silver  salts, 
the  chloride  or  nitrate,  produced  the  same  effect  as  the  coins.  Herbst 
left  it  an  open  question  whether  this  action  of  the  metal  was  due  to 
the  ions  of  the  metal  or  not. 

This  observation  appeared  in  so  many  ways  interesting  that  I  took 
the  matter  up  for  the  purpose  of  finding  out  what  other  metals  would 
produce  the  same  result,  and  how  the  metal  acted.  I  have  accord- 
ingly tested  the  action  of  several  metals  and  metalloids  upon  the  ma- 
ture eggs  of  the  starfish,  Asterias  Forbcsii. 

The  method  consisted  in  placing  a  piece  of  the  carefully  cleaned 
metal  or  coin  in  about  50  c.c.  of  sea  water  in  a  glass  dish  and  then 
introducing  a  large  number  of  eggs  which  had  been  in  sea  water 
maturing  for  about  one  hour,  so  that  the  eggs  fell  thickly  all  about 
the  piece  of  metal.  The  eggs  were  then  left  quite  undisturbed.  The 
metals  used  were  iron,  silver,  copper,  lead,  zinc,  tin,  platinum,  gold, 
and  mercury,  and  the  metalloids  were  bromine  and  iodine.  As  I 
had  no  pure  silver,  a  silver  coin,  a  ten-cent  piece  or  a  quarter,  was 
used  instead. 

•  Herbst:  Mitteilungen  aua  dem  Zoologischen  Station  zu  Neapel,  1904,  "vi, 
pp.  44S-4S7- 
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The  result  was  as  follows:  with  iron,  zinc,  lead,  tin,  gold,  and  plati- 
num I  got  no  fertilization  membranes.  The  iron  dissolved  a  good  deal 
and  killed  the  eggs  near  it.  The  lead,  tin,  zinc,  nickel,  gold,  and  plat- 
inum seemed  not  to  affect  the  eggs  at  all,  since  they  matured  and 
lived,  for  several  hours  at  least,  when  lying  almost  in  contact  with  the 
metal.  Eggs  matured  and  lived  in  a  tin  vessel  when  the  eggs  were 
lying  against  the  tin.  Copper,  silver,  and  mercury  and  the  metalloids 
bromine  and  iodine  caused  the  eggs  to  put  out  fertilization  membranes. 
Of  the  metals,  copper  wag  the  most  powerful,  silver  came  a  little  after 
it,  and  mercury  was  efficient  only  when  the  eggs  were  extremely  sen- 
sitive. Iodine  is  as  powerful  apparently  as  copper,  and  bromine  is 
not  so  good  as  iodine.  We  may,  therefore,  add  mercury  to  the  list 
of  efficient  metals,  as  given  by  Herbst,  and  iodine  and  bromine. 

In  working  with  the  metalloids  a  slightly  different  procedure  was 
adopted.  A  minute  piece  of  iodine  or  a  small  drop  of  bromine  was 
put  in  the  midst  of  a  lot  of  eggs.  The  eggs  near  the  metalloid  took 
up  some  of  it  and  became  strongly  colored,  A  few  of  these  eggs  were 
then  removed  with  a  very  fine  pipette,  washed  in  a  little  sea  water, 
picked  up  again  with  the  pipette,  and  allowed  to  fall  among  a  new  lot 
of  eggs  in  fresh  sea  water.  Each  of  the  eggs  which  bad  the  metalloid 
thus  served  as  a  minute  source  of  the  metalloid,  and  acted  upon  the 
other  eggs  in  its  immediate  neighborhood.  This  method  was  adopted 
owing  to  the  solubility  of  these  metalloids  when  introduced  in  sub- 
stance. So  much  of  the  iodine  or  bromine  went  into  solution  as  to 
kill  the  eggs  near  by  unless  this  method  was  used. 

The  time  required  after  metal  and  eggs  were  brought  together  be- 
fore the  action  began  was  in  many  cases  very  short,  an  effect  being 
visible  within  a  minute  after  the  eggs  were  introduced.  In  other  cases, 
however,  a  longer  interval  of  five  or  ten  minutes  elapsed  before  the 
membranes  began  to  appear.  The  time  appeared  to  depend  upon  the 
sensitiveness  of  the  eggs. 

In  no  case  were  the  whole  or  a  majority  of  the  eggs  in  the  dish 
affected,  as  reported  by  Herbst,  On  the  contrary,  if  the  eggs  were 
left  quite  undisturbed  only  those  within  a  short  distance  of  the  metal 
were  affected.  Eggs  a  millimetre  or  more  from  the  metal  were  very 
seldom  acted  upon.  This  difference  from  Herbst's  results  may  be 
due  to  the  starfish  eggs  being  less  sensitive,  or  to  the  fact  that  in  his 
experiments  the  eggs  were  not  left  undisturbed,  so  that  many  eggs  in 
succession  came  within  the  sphere  of  action  of  the  wire. 

The  actual  phenomena  of  the  changes  in  the  egg  arc  interesting. 
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If  the  eggs  are  left  entirely  quiet,  it  will  be  seen  thai  t/ie  change  in 
the  egg  is  strictly  polar.  Each  egg  near  the  wire  puts  out  a  fertiliza- 
tion membrane  on  the  side  toward  the  wire  or  piece  of  metal,  and  on 
the  side  farthest  away  from  the  metalloids.  The  picture  thus  ob- 
tained is  very  striking  and  is  represented  in  the  diagram  in  Fig,  i. 
The   membranes   may   ultimately  extend  ^^k    j^  ^Ij.   ^^ 

clear  around  the  egg,  although  this  is  more     ft  J^  y^-^p  f^ 

often  not  the  case;    but  even  when  this  O  0^5©^ 

happens,  the  membrane  is  always  wider 
on  the  side  toward  the  metal,  or  on  the  ^^  > 

side  away  from  the  metalloid.     When  I  B  0©^^  '= 

first   saw    the    eggs    thus    so   strikingly  i^  ""'^ 

oriented,  I  thought  it  a  beautiful  demon- 

,      ,              .            ,     ,                  ,      .  Figure   l.  —  A,   copiwi  wire  sur- 

stration   of   the  action  of  the  metals  in  funded  bj  starfish  eggs    Fer- 

throwing  off    their    ions    and    thus   bom-  liliialiuri    membranes   are   out 

barding   the   eggs   on   the   sides   turned  »"  ""c  side  of  ihe  egg  u 


toward   them,   but    I   afterwards    had  to 


Slight  coagulat 


J  e(;gs  at  a  point  farthest 

modify  this  interpretation.  from  wire,  and  liquefaction  to- 

The  second  interesting  observation  is        w"d  wire.     S,  starfish  egg 
that  the  change  docs  not  stop  ordinaritv        wniaiiimg   iodine  at   a,  sar- 
,  ,        ,  .  -  '^  ,  .         rounded  by  other  eggs  exirud- 

with  the  extrusion  of  a  membrane.  A  i^g  f„tiiizaiion  membranes,  a, 
further  change  takes  place  in  the  proto-  on  the  side  farthest  from  a,  and 
plasm  of  the  egg,  and  this  change  also  is  coagulating,  c,  on  the  side  near- 
strictly  polar.  Thus  the  protoplasm  on  *"  "" 
the  side  of  the  egg  turned  toward  the  metal,  or  away  from  the 
metalloid,  begins  to  liquefy  and  swell,  so  that  the  egg  becomes  balloon- 
shaped  ;  and  it  coagulates  on  the  side  turned  rtii'rt/  from  the  metal 
and  toward  the  metalloid.  Still  later  one  may  get  secondary  coagu- 
lation ir>  the  previously  expanded  portion  in  the  side  turned  toward 
the  metal. 

What,  then,  is  the  means  by  which  the  metals  produce  these  effects? 
When  I  started  the  investigation  I  felt  confident  that  this  would  prove 
to  be  an  action  due  to  the  ions  of  the  metal.  Herbst's  statement  that 
silver  salts  produced  the  same  result  seemed  to  show  this.  To  settle 
the  matter,  I  tried  the  effects  of  solutions  of  the  .salts  of  the  metals, 
but  to  my  astonishment,  I  got  entirely  negative  results,  so  far  as  the 
extrusion  of  fertilization  membranes  was  concerned.  A.]\  of  these 
metal  salts  if  used  in  concentrations  great  enough  to  produce  any 
effect  at  all,  produced  always  a  coagulation.  There  was  never  the 
slightest  indication  of  liquefaction  or  of  membrane  formation.     As 
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there  was  danger  of  overlooking  some  favorable  concentration  of  the 
salts,  I  used  a  large  number  of  different  dilutions  as  follows: 

I.     Lead    Salts,    PbCl, :    r^^,   ji;^,  i^^o-    a^oo'   Uo'ooo'  sj^oTo, 


Copper  Salts,   CuCI,:    ^,   ^ 


3.     Silver  Salts,  AgCl:   Saturated  solution  in  sea  water  and  many  dilutions 
from  this.    AgNo,:  in  sea  water,  a.ooo'ouo    TToToTotiti    6oo"o'H). 

As  the  above  experiments  gave  a  negative  result,  solutions  of  other 
salts  were  tried.  These  also  resulted  negatively.  Thus  in  CaCl^. 
4  m,  maturation  proceeds  normally  and  some  eggs  segment  into  four 
cells,  but  no  membranes  appear.  MgCI^.  "i  ^,  permitted  maturation, 
but  no  membranes  were  formed.  In  sea  water  containing  manganese 
chloride,  2"'^,  ^7^,  and  i-"^,  there  were  no  membranes  formed.  The 
same  result  was  obtained  with  hydrochloric  acid.  The  eggs  formed 
membranes  when  transferred  from  the  acid  to  the  sea  water,  but  not 
while  they  were  in  the  acid  containing  sea  water.  Potassium  iodide, 
sodium  sulphate,  sodium  citrate,  and  sodium  hydrate  were  ineffective. 
Of  the  hydrate  I  added  i,  2,  3,  4,  5,  6,  7,  8,  9,  and  10  c.c.  respec- 
tively to  100  C.C.  of  sea  water  in  different  glasses.  The  eggs  dissolved 
in  the  last  glass,  but  no  good  membranes  appeared.  The  dissolution 
of  the  peripheral  layer  of  protoplasm  looks  somewhat  like  a  process 
of  membrane  formation,  but  I  do  not  think  it  identical  with  it. 

From  these  experiments  it  seems  to  be  clear  that  the  metals  are  not 
acting  directly  by  their  ions.  The  ions  of  the  metals  in  all  cases  caused 
coagulation,  but  the  metals  themselves  ahvays  cause  liquefaction  first 
in  the  egg  protoplasm  nearest  the  metal.  It  is  only  after  many 
minutes  that  a  secondary  coagulation  may  ensue,  and  this  is  ap- 
parently due  to  the  action  of  the  metallic  ions,  as  is  indicated  by  the 
light  blue  color  of  the  coagulum  in  the  case  of  the  eggs  near  the 
copper  wire.  Furthermore,  eggs  which  had  been  in  the  more  dilute 
solutions  of  cupric  salts  were  transferred  to  a  dish  containing  a  copper 
wire,  when  those  eggs  near  the  wire  immediately  put  out  their  mem- 
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branes.  Eggs  from  the  stronger  solutions  put  out  no  membranes 
either  in  the  solution  or  when  brought  near  a  wire.  Against  the 
theory  of  the  action  of  the  ions  the  curious  fact  may  also  be  recalled 
that,  with  the  metalloids,  the  membrane  is  put  out  very  quickly,  but 
on  the  side  farthest  from  the  metalloid.  For  these  reasons  I  feel 
compelled  to  relinquish  the  theory  I  started  with,  that  the  action  is 
due  to  the  ions  thrown  off  from  the  metal. 

The  question  arises,  What,  then,  is  the  cause  of  the  action?  Two 
possibilities  suggest  themselves:  first,  that  the  metals  throw  off  not' 
their  ions,  but  minute  particles  of  the  metals  themselves,  which  hit 
the  eggs  and  thus  cause  an  action;  or  possibly  there  is  an  electro- 
static field  about  the  metal  in  water  and  this  produces  the  effect. 

In  favor  of  the  first  supposition  it  may  be  said  that  certainly  iodine 
and  bromine  do  dissolve  in  this  way.  But  the  probability  that  silver, 
copper,  and  mercury  are  thus  dissolving  and  that  these  particles  come 
off  with  sufficient  speed  and  in  sufficient  numbers  to  produce  this 
action,  appears  to  me  exceedingly  remote.  The  amount  of  silver  thus 
dissolved  in  a  metallic  state  in  sea  water  must  be  almost  infinites- 
imal, otherwise  silver  would  give  us  solutions  of  metallic  silver  in 
water.  Furthermore,  it  is  improbable  that  these  small  particles 
would  differ  in  the  manner  of  action  from  the  larger  particles  from 
which  they  are  derived.  This  hypothesis  appears  hence  very 
improbable. 

In  favor  of  the  second  hypothesis,  that  the  metals  are  acting  by 
mean.-,  of  an  electrostatic  field  about  them,  there  is  this  evidence: 
first,  such  a  field  is  known  to  exist.  When  a  metal  is  placed  in 
water  free  from  its  salts,  it  throws  off  into  the  water  positively  charged 
ions  in  virtue  of  its  solution  tension.  By  this  means  the  metal 
becomes  electronegative,  the  water  electropositive.  By  this  means 
the  further  solution  of  the  metal  is  prevented.  Now  this  electro- 
static field  can  have  any  great  intensity  only  in  the  immediate 
neighborhood  of  the  metal. 

This  would  accord  with  the  fact  that  only  the  eggs  close  to  the 
wire,  though  not  in  contact  with  it,  are  affected.  Eggs  more  than 
a  fraction  of  a  millimetre  away  are  not  affected  at  all.  In  the  second 
place,  platinum  and  gold,  which  have  almost  no  electrostatic  field 
about  them,  are  ineffective.  These  metals  have  nearly  as  great  a 
tendency  to  throw  off  negative  as  positive  ions  and  remain  hence 
almost  uncharged.  However  iron  and  zinc,  lead  and  tin,  should  be, 
on  this  theory,  more  efficient,  unless  some  secondary  cause  comes  into 
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play,  since  titeir solution  tension  is  greater.  In  the  case  of  zinc,  lead, 
and  tin  the  quick  coating  of  the  metal  by  a  non-conducting  sheath  of 
oxychloride  may  interfere  with  their  action.  The  ions  of  these  metals 
certainly  do  not  gel  into  solution,  since,  although  these  ions  are  very 
poisonous,  the  eggs  will  develop  for  some  time  in  contact  with  the 
metal  without  harm,  thus  showing  that  no  ions  get  into  the  solu- 
tion and  consequently  the  electrostatic  field  is  nil.  As  regards  iron 
and  the  metals  of  higher  solution  tension,  these  metals  throw  their 
ions  into  the  solution  in  sufficient  numbers  to  poison  the  eggs.  As 
these  metals  are  able  to  discharge  the  hydrogen  ion  from  the  water, 
particularly  in  the  presence  of  oxygen,  it  may  be  that  their  lack  of 
action  is  due  to  this. 

The  hypothesis  that  the  action  is  of  an  electrostatic  kind  is  supported 
also  by  the  polar  nature  of  the  change  and  by  the  fact  that  the  mem- 
brane comes  out  on  the  side  toward  the  electropositive  metal  and 
aivay  from  the  electronegative  metalloid,  and  coagulation  takes  place 
in  each  case  at  the  opposite  poles.  This  fact  clearly  points  toward 
an  electrical  action  of  some  kind.  Furthermore  electrical  stimula- 
tion of  the  eggs  will  cause  a  closely  similar  polar  change.  I  passed 
a  series  of  make  and  break  induction  shocks  with  the  secondary  coil 
pushed  up  over  the  primary,  through  a  lot  of  eggs.  They  put  out 
fertilization  membranes  and  ultimately  liquefied  at  the  two  poles  nf  ihe 
egg  towards  the  electrodes.  The  membrane  comes  out  most  readily 
on  the  cathode  side  with  make  shocks,  and  on  the  same  side,  but  far 
better,  with  break  shocks.  The  membranes  come  out  hence  on  the 
break  of  the  current  on  the  cathode  side.  I  then  diluted  the  sea 
water  one-half  with  isosmotic  glucose  solution,  introduced  a  fresh 
lot  of  eggs,  and  sent  through  them  a  constant  current  of  about  twenty- 
five  volts.  The  membranes  came  out  on  passing  the  current  on  the 
anode  side,  and  liquefaction  took  place  here  as  reported  by  R,  Lillie. 
This  shows,  therefore,  that  the  passage  of  a  constant  current  brings 
out  the  membrane  on  the  anode  side  while  the  current  passes,  and 
on  the  cathode  side  on  breaking  the  current. 

It  may  be,  therefore,  that  in  introducing  the  egg  into  the  electro- 
static field  about  Ihe  metal  the  effect  is  the  same  as  if  a  current  of 
high  intensity  had  been  passed  through  it.  The  ions  in  the  egg  are 
separated,  the  positive  ions  being  driven  away  from  the  metal,  the 
negative  ions  toward  it.  By  this  means  exactly  the  same  separation 
of  ions  in  the  egg  could  be  produced  as  is  produced  by  electrical 
stimulation.     The  current  would  appear  to  pass  through  the  egg  from 
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the  side  toward  the  wire,  i-  e.,  the  anode  side,  and  here  liquefaction  and 
membrane  formation  occur.  Similarly  for  the  metalloid  the  current 
would  pass  in  Ihe  opposite  direction,  and  here  liquefaction  and 
membrane  formation  take  place  on  the  side  away  from  the  metalloid. 

The  extrusion  of  the  fertilization  membrane  when  the  eggs  are 
transferred  from  acid  containing  sea  water  to  normal  sea  water  might 
be  explained  in  the  same  way.  The  rapidly  moving  hydrogen  ion 
striving  to  get  into  solution  leaves  the  surface  membrane  of  the  egg 
electronegative,  with  the  result  that  the  membranes  are  thrown  out 
and  slight  liquefaction  takes  place  at  the  periphery. 

I  believe  the  electrostatic  explanation  of  the  action  of  the  metals 
accords  best  with  the  phenomena  observed.  We  have,  if  this  be  the 
true  explanation,  a  real  "  action  at  a  distance,"  That  is,  the  metal  pro- 
duces an  action  on  the  egg,  although  neither  the  metal  itself  nor  any 
particles  from  it  come  in  contact  with  the  egg.  The  metal  in  this 
case  would  be  exerting  its  action  by  means  of  the  effect  it  produces 
upon  the  ions  in  the  eggs  lying  in  its  immediate  neighborhood,  thus 
leading  to  a  separation  of  these  ions.  It  may  be  that  these  eggs 
would  furnish  a  convenient  means  of  demonstrating  the  separation  of 
ions  by  electrostatic  action. 

Possibly  the  pharmacological  action,  the  so-called  oligodynamic 
action,  of  finely  divided  metals  and  colloidal  solutions  may  involve 
this  same  principle  and  have  a  similar  explanation,  entirely  inde- 
pendent of  the  action  of  the  ions  of  the  metal.  Also,  it  occurs  to  me, 
that  these  observations  may  be  of  interest  in  connection  with  the 
formation  of  the  cell  asters.  The  phenomena  in  this  case  indicate 
some  kind  of  an  electrostatic  action  on  the  part  of  the  astro-centres 
as  pointed  out  by  Hartog  and  R.  S,  I.illie.  Possibly  an  investigation 
of  these  phenomena  shown  by  metals  when  placed  in  water  may  lead 
to  a  better  understanding  of  the  method  by  which  such  an  electro- 
static action  might  be  produced  within  the  protoplasm  itself  and  in 
the  astral  centres. 

I  hope  to  extend  these  observations  further,  and  I  publish  them  in 
an  incomplete  form  in  the  hope  that  others  also  may  examine  these 
interesting  phenomena. 

Summary. 

1.  Confirming  Herbst,  it  is  found  that  metallic  silver  and  copper 
cause  mature  Echinoderm  eggs  to  put  out  fertilization  membranes. 

2.  The  action  takes  place  readily  in  the  eggs  of  Asterias  Forbesii. 
Only  the  eggs  near  the  metal  are  affected. 
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3-  Besides  silver  and  copper,  mercury,  iodine,  and  bromine  were 
found  to  produce  membranes.  Iron,  nickel,  lead,  tin,  platinum,  and 
gold  were  ineffective.  Hydrogen  was  doubtful.  Mercury  acts  only 
when  the  eggs  are  very  sensitive. 

4.  The  change  in  the  egg  is  strictly  polar.  Membranes  appear 
first  and  liquefaction  takes  place  later,  on  the  side  of  the  egg  tow-ard 
the  metal  and  on  the  side  of  the  egg  away  from  the  metalloid. 
Slight  coaguiaiion  occurs  on  the  side  of  the  egg  away  from  the  metal, 
and  marked  coagulation  on  the  side  of  the  e^'g  toward  the  metalloid. 

5.  Sahs  of  the  metals  produced  only  coagulation  when  in  concen- 
trations strong  enough  to  cause  any  action.  The  action  of  the  metal 
is  not  due,  hence,  in  this  case  to  the  action  of  ions  of  the  metal, 

6.  The  polar  nature  of  the  change,  the  quickness  with  which  ii 
occurs,  and  the  identity  of  the  changes  with  the  changes  caused 
by  electrical  stimulation  indicate  that  the  cause  of  the  change  is 
electrical. 

7.  The  most  probable  explanation  appears  to  be  that  the  metal  is 
producing  its  action  by  an  electrostatic  field  about  it,  thus  causing  a 
separation  of  the  ions  in  the  egg,  positive  ions  being  driven  away 
from  the  wire  and  negative  ions  being  attracted  toward  it. 

8.  If  this  interpretation  is  correct,  the  metals  are  producing  their 
action  without  any  particle  of  the  metal  coming  in  contact  with  the 
egg'  <ii>'^  ■»  th's  sense  the  metals  are  acting  at  a  distance  from 
themselves. 
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THE  REACTIONS  OF  CYCLOPS  TO  LIGHT  AND  TO 
GRAVITY. 

By   C.   O.   ESTERLY. 

ris  the  purpose  of  this  paper  to  report  a  series  of  experiments 
which  appear  to  throw  new  light  upon  the  diurnal  movements  of 
certain  plankton  crustaceans.  Most  investigators  of  this  subject 
have  held  that  the  response  of  the  organisms  to  light  determines  in 
a  large  degree  the  time  of  leaving  or  entering  the  upper  strata  of  the 
water-  As  evidence  that  this  is  true  in  certain  cases  may  be  cited 
the  experiments  of  Groom  und  Loeb  ('90)  on  barnacle  larvie,  of  Loeb 
('93'.  '93")  on  Temora  longicornis  and  Polygordius  larvae,  and  of 
Parker  (:02)  upon  Labidocera  aestiva.  All  of  these  investigators 
found  that  an  important  factor  in  causing  the  upward  movement  of 
the  organisms  is  a  positive  response  to  light  of  low  intensity.  Con- 
versely, a  negative  response  to  strong  light  is  important  in  causing 
the  downward  movement.  The  results  of  my  experiments  go  to  show 
that,  in  the  species  investigated,  a  phototropic  response  has  compara- 
tively little  to  do  in  bringing  about  an  upward  or  downward  migration, 
though  exposure  to  light  has  an  important  part. 

The  observations  were  made  on  the  movements  of  fresh-water 
copepods.  Some  of  the  animals  were  collected  in  October  in  ponds 
near  Cambridge,  Mass.,  and  kept  in  aquaria  for  several  months, 
Material  was  also  obtained  from  the  permanent  fresh-water  tanks 
in  the  aquarium  room  of  the  zoological  laboratories  in  the  Museum 
of  Comparative  Zoology.  The  animals  used  were  all  females,  and 
belonged  to  the  species  Cyclops  albidus  Jurine.  The  work  was 
carried  on  under  the  direction  of  Prof.  G.  H.  Parker,  and  the  writer 
is  greatly  indebted  to  him  for  valuable  advice  and  criticism. 
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It  was  found  that  a  suitable  artificial  light  could  be  obtained  from 
a  glowing  Nernst  filament;  this  was  used,  accordingly,  throughout 
the  experiments. 

In  experiments  to  determine  the  nature  of  the  response  to  light, 
the  animals  were  confined  in  rectangular  glass  vessels  with  parallel 
sides ;  the  vessels  were  3  cm.  wide,  7  cm.  long,  and  7  cm.  high,  inside 
measurement.  The  aquarium  was  always  placed  with  its  length  in 
the  direction  of  the  rays  of  light,  and  the  wali  away  from  the  light 
was  coated  on  the  inside  with  paraffin  and  lampblack  to  check 
reflection  as  much  as  possible.  The  vessel  as  a  whole  was  protected 
from  reflections  from  the  walls  of  Ihe  room  by  black  screens.  The 
Nernst  filament  was  covered  by  a  hood  of  black  sheet  iron,  and  the 
light  reached  the  animals  through  an  aperture  in  the  hood  a  little 
wider  than  the  filament  was  long.  Care  was  taken  that  as  far  as 
practicable  the  rays  nf  light  should  fall  perpendicularly  upon  the  wall 
of  the  aquarium,  and  the  work  was  always  done  in  a  dark  room. 

The  candle  power  of  the  light  was  determined  by  means  of  a 
Lummer-Brodhun  photometer,  and  from  this  the  intensity  was 
reckoned  in  candle  metres.  The  experiments,  with  the  exception 
of  one,  were  carried  on  in  lights  of  five  intensities :  8,  420,  825,  1700. 
and  2200  candle  metres.  These  figures  represent  the  intensity  at  the 
wall  of  the  aquarium  nearest  the  light.  The  lights  used  most  were 
the  first  one  and  last  two  of  those  named,  the  others  being  employeii 
to  check  results.  One  set  of  animals  was  generally  subjected  to  three 
lights  of  different  intensities  on  one  day,  and  on  the  following  days 
to  the  same  three  but  in  another  order.  After  an  experiment  ihe 
animals  were  always  allowed  to  rest  for  twenty-four  hours,  under  con- 
ditions as  nearly  normal  as  possible  before  being  used  again. 

The  vessel  containing  the  animals  for  an  ex|)erimcnt  was  placed 
in  the  desired  position,  covered  so  as  to  exclude  all  light  and  left 
undisturbed  for  from  six  to  eighteen  hours  before  beginning  the 
experiment.  As  soon  as  possible  after  exposing  the  animals  to  the 
light  the  number  in  one  half  of  the  aquarium  was  recorded  (those in 
the  half  toward  the  light  being  designated  as  positive,  those  in  the 
other  half  as  negative),  and  records  were  made  thereafter  at  half- 
minute  intervals  for  from  half  an  hour  to  an  hour.  Then  the  intensuv 
of  the  light  was  changed  by  moving  the  aquarium  toward  or  awae 
from  the  filament,  and  the  same  method  of  recording  continued,  li 
will  be  seen  that  in  this  way  at  the  end  of  the  third  day  of  experi- 
menting records  were  obtained  of  the  distribution  of  the  animals  in 
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each  of  three  intensities  of  light  following  darkness,  and  also  after 
previous  exposure  to  light. 

It  was  found  necessary  to  use  a  small  number  of  animals  at  one 
time  in  order  to  count  accurately  and  quickly.  The  number  usually 
taken  was  five,  and  the  whole  number  of  times  that  animals  were  found 
in  one  half  of  the  aquarium  was  calculated  from  records  made  as 
above.  The  percentage  this  number  bore  to  the  whole  number  of 
records  was  taken  as  evidence  whether  a  given  set  of  animals  was 
positive  or  negative. 

Rcaotloiu  to  llgbt  after  protr«ot«d  ratsntton  in  darkneu.  —  It  may  be 
said  at  once  that,  in  lights  of  420  candle  metres  and  below,  the  animals 
experimented  with  were  neutral  when  exposed  to  the  light  after  they 
had  been  in  darkness  for  some  time.  The  results  of  such  experiments 
show  that  50.9  per  cent  of  the  total  number  of  records  made  under  the 
conditions  named  and  in  the  420  candle-metre  light  represent  animals 
in  the  negative  half  of  the  aquarium.  Usually  the  animals  under 
experimentation  move  from  one  end  of  the  aquarium  to  the  other 
frequently,  the  movement  being  general  and  not  confined  to  one  or 
two  individuals.  Even  if  at  a  certain  moment  more  animals  are  posi- 
tive than  negative  or  vice  versa,  it  is  possible  with  a  large  number 
of  records  extending  over  a  considerable  time  to  determine  whether 
as  a  whole  the  set  is  positive  or  negative.  The  lights  of  lower  inten- 
sity than  420  candle  metres  that  were  used  were  8  and  0.55  candle 
metres.  The  latter  was  used  on  only  one  occasion,  and  special  care 
was  taken  to  prevent  any  but  the  most  direct  rays  reaching  the  animals. 
The  number  of  negative  and  positive  animals  was  recorded  every  fifteen 
minutes  for  a  period  of  six  hours,  and  after  each  reading  was  taken, 
the  water  was  agitated  to  redistribute  the  animals.  The  results  for 
the  entire  period  show  that  exactly  as  many  animals  were  negative  as 
positive,  though  the  number  at  different  times  in  the  negative  half 
varied  from  one  to  five.  In  this  case  six  individuals  were  under 
observation. 

During  observation  in  the  8  candle-metre  light  an  aquarium  was 
used  in  which  both  ends  were  clear,  so  that  it  could  be  turned  end  for 
end.  The  aquarium  was  left  in  position  and  in  the  dark  for  several 
hours  before  observations  were  commenced.  When  brought  from 
darkness  into  the  light,  the  animals  were  not  counted  for  the  first 
five  minutes;  then  records  were  made  every  half  minute  for  ten 
minutes,  when  the  vessel  was  turned  end  for  end  as  carefully  as 
possible   and   after   five  minutes  counting  was  resumed.     Two  sets 
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of  records  were  made  for  each  of  the  two  positions,  and  the  same 
animals  were  used  on  three  different  days.  The  results  of  a  number 
of  trials  made  in  this  way  show  that  as  a  whole  47.1  per  cent  of  the 
animals  experimented  with  were  negative.  Here,  then,  there  is  some 
evidence  of  a  positive  response,  but  it  is  probably  of  slight  signifi- 
cance, as  indicated  by  comparison  with  the  results  obtained  by  the 
use  of  the  lights  of  420  and  0.55  candle-metre  intensity. 
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The  conclusion  to  be  drawn  from  these  results  is  that  in  lights  of 
low  intensity  following  darkness  the  animals  are  neutral.'  When 
lights  of  greater  intensity  than  420  candle  metres  are  used  following 
darkness,  the  reaction  is  invariably  negative,  the  negativity  increasing 
as  the  intensity  of  the  light  is  increased.  Table  I  shows  the  averages 
of  a  number  of  trials  with  the  different  intensities  following  darkness. 

This  table  shows  that  there  is  no  clearly  negative  reaction  until  an 
intensity  of  420  candle  metres  has  been  passed.  In  all  trials  in  the 
825,  1700,  or  2200  candle-metre  lights  the  negativity  of  the  animals 
was  clear  and  convincing. 

Reaotiona  to  light  after  ezposuxe  to  light.  —  If  the  animals  are  tested 
after  they  have  been  exposed  for  some  time  to  light  of  any  intensity, 
their  reactions  are  invariably  negative.  It  does  not  appear  that  there 
is  an  increase  in  the  negativity  with  an  increase  in  the  intensity  of  the 
light,  as  there  was  when  the  animals  were  brought  from  darkness  into 
light.  Table  II  shows  the  average  per  cent  of  animals  that  were  found 
in  the  half  of  the  aquarium  away  from  a  light  of  given  intensity  (indi- 
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cated  in  the  upper  part  of  the  table)  after  exposure  to  light  of  another 
intensity  (in  column  at  left). 

The  figures  presented  in  this  table  make  plain  that  the  intensity  of 
the  previous  stimulation  by  light  does  not.  affect  the  response  to  a 
given  light.  The  animals  are  negative  to  all  lights  whether  previously 
subjected  to  light  of  high  or  low  intensity  within  the  limits  employed. 
The  variation  in  the  figures  representing  the  percentages  does  not 
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seem  significant;  for  the  present  purpose  it  is  sufficient  to  note  that 
without  exception  the  females  of  Cyclops  albidus  are  negative  to  light 
of  any  intensity  if  tested  after  expostire  to  light  of  the  same  quality. 

RttaotloDa  to  gravitj. — The  Species  used  in  these  tests  was  Cyclops 
albidus,  and  the  animals  were  all  females.  It  can  be  said  at  the  out- 
set that  in  by  far  the  majority  of  cases  the  animals  were  positively 
gcotropic.  The  author  had  many  times  tried  the  experiment  of  liber- 
ating individuals  one  by  one  at  the  top  of  a  tall  column  of  water  in  a 
cylinder  of  large  calibre,  and  almost  without  exception  they  passed  at 
once  to  the  bottom.  As  a  rule  they  remained  at  the  bottom,  but 
certain  ones  made  short  excursions  toward  the  top  and  then  dropped 
down  again.  It  was  rare  to  find  the  animals  anywhere  except  in  a 
section  two  or  three  centimetres  deep  at  the  bottom  of  the  vessel.  If 
the  cylinder  with  a  number  of  animals  at  the  bottom  was  inverted, 
most  of  them  passed  at  once  to  the  bottom.  It  cannot  be  said  that 
every  animal  of  any  set  was  positively  geotropic,  but  the  great  major- 
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ity  were.  The  most  usual  inhibition  of  the  response  occurred  when 
an  animal  came  in  contact  with  the  side  of  the  vessel  after  once  start- 
ing down ;  it  might  cling  to  the  glass  for  some  time,  but  even  such 
individuals  have  often  been  seen  to  reach  tbe  bottom  after  a  few 
minutes. 

We  may  conclude  that  in  daylight  and  under  ordinary  conditions 
the  response  of  the  females  of  Cyclops  albidus  to  gravity  is  positive. 
But  if  the  vessel  containing  the  animals  was  covered  for  a  short  time 
so  as  to  exclude  all  light,  and  the  distribution  noted  at  the  end  of  this 
time,  it  was  seen  that  there  had  been  an  upward  migration  to  a  greater 
extent  than  ever  occurred  if  light  and  dark  periods  did  not  alternate. 
To  test  this  carefully  a  tall  glass  cylinder  was  marked  off  into  five 
sections  each  about  lO  centimetres  in  height,  and  the  sections  were 
numbered  from  the  top  down.  Thus  the  position  of  the  animals  could 
be  noted  rapidly  when  the  jar  was  uncovered.  A  single  laboratoiy 
record  will  show  the  result  of  keeping  the  animals  in  the  dark  for 
short  periods  and  then  exposing  them  to  diffuse  daylight  long  enough 
to  note  their  vertical  distribution. 

April  7,  1905-  —  10.15  A.M.  Cylinder  with  six  positively  geotropic  animals 
was  covered  so  as  to  exclude  light. 

10.20  A.M.  Covering  removed;  one  animal  In  Section  i,  moved  to 
Ixittom  at  once ;  five  in  Section  5.     Covering  replaced. 

10.25  A.  M.  Covering  removed  ;  one  in  Section  2,  and  went  down  al 
once ;  five  in  Section  5.     Covering  replaced. 

10.30  A.  M.  Covering  removed  ;  one  in  Section  2  ;  three  in  Section  i, 
and  all  moved  down  at  once  in  the  light;  two  in  Section  5.  Coveriog 
replaced. 

10-40  A.M.  Covering  removed;  one  in  Section  3;  two  in  Section  : ; 
two  in  Section  1 ,  but  one  of  these  does  not  move  down ;  one  in  Section  5- 
Covering  replaced. 

10.50  A.  M.  Covering  removed ;  one  in  Section  3  ;  two  in  Section  i; 
two  in  Section  1 ;  one  in  Section  5 ;  all  pass  to  bottom.  Covering 
replaced. 

11.00  A.M.  Covering  removed;  two  in  Section  3;  two  in  Sections, 
these  two  reach  the  bottom  in  thirty  seconds ;  two  in  Section  5. 

Tbis  experiment,  which  is  typical  of  all,  proves  that  in  the  absence 
of  light  the  animals,  which  are  otherwise  positively  geotropic,  tend  to 
become  negatively  geotropic,  and  that  in  daylight  this  response  is 
reversed.     The  same  is  true  when  the  animals  are  exposed  from  below 
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to  illumination  of  such  intensity  that  if  the  rays  were  to  strike  hori- 
zontally the  phototropic  reaction  would  be  negative.  These  experi- 
ments were  carried  out  with  a  Nernst  light  and  in  an  illumination  of 
1000  candle  metres.  The  animals  were  placed  in  the  graduated  tube, 
and  an  apparatus  was  arranged  so  that  light  would  enter  the  tube  only 
from  below  and  could  be  cut  off  by  a  tightly  fitting  shutter ;  the  whole 
experiment  was  carried  on  in  the  dark  room,  extraneous  light  being 
carefully  guarded  against.  A  heat  screen  was  interposed  between 
the  light  and  the  bottom  of  the  cylinder,  and  care  was  taken  that  the 
water  in  the  screen  was  cool.  The  animals  were  nearly  always  put 
into  the  cylinder  at  night  and  not  tested  until  the  following  morning ; 
then  they  were  exposed  to  the  light  for  five-minute  periods,  alternat- 
ing with  five  minutes  in  darkness  until  records  had  been  made  for 
five  periods  or  more  in  each  state. 

Table  III  shows  the  distribution  of  the  animals  through  the  cyl- 
inder. Half  of  the  records  were  made  after  a  period  in  darkness  and 
as  soon  as  the  light  entered  the  vessel;  the  other  half  were  made  at 
the  end  of  a  period  in  the  light  immediately  before  the  shutter  was 
closed.  The  figures  in  the  table  are  the  sums  of  the  numbers  of 
animals  found  in  the  different  sections  of  the  cylinder  for  the  entire 
number  of  trials  on  one  day.  It  will  be  seen  that  the  table  contains 
records  of  six  separate  tests,  each  of  which  consisted  of  at  least  five 
five-minute  periods  in  darkness  and  a  like  number  in  light. 

Inspection  of  the  table  shows  that  in  the  six  experiments  animals 
appeared  in  the  uppermost  section  more  than  three  times  as  often 
immediately  after  periods  in  complete  darkness  as  they  did  at  the 
end  of  like  periods  of  exposure  to  illumination  from  below,  and  like- 
wise more  than  twice  as  often  in  the  second  section  after  darkness 
as  after  exposure  to  light.  It  will  be  seen  that  during  both  light 
and  dark  periods  more  of  the  animals  which  leave  the  lower  section 
are  found  in  sections  i  and  2  than  in  any  other.  Fifty  animals  were 
tested  with  the  Nernst  light,  and  only  one  set  was  used  twice  in 
succession. 

Disonaaioi)  of  rasnlta. —  It  has  been  seen  that  the  phototropic  re- 
sponse of  these  animals  is  negative ;  they  are  neutral  to  lights  of  low 
intensity  if  tested  after  retention  in  darkness.  It  cannot  be  claimed 
that  the  response  to  light  was  modified  by  handling  or  other  means, 
because  when  tested  the  animals  had  been  undisturbed  and  in  the 
dark  for  hours.  In  the  cases  where  the  aquarium  was  turned  end  for 
end  during  an  experiment  there  was  of  course  some  mechanical  stim- 
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ulation,  but  it  was  certainly  very  slight  and  may  be  regarded  as  not 
affecting  these  results,  especially  since  no  record  was  made  of  the  dis- 
tribution until  after  a  period  of  quiescence.  If  it  were  possible  that 
in  nature  light  could  affect  the   organisms   apart  from   gravity,  we 
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should  be  led  to  say  that  light  alone  has  very  little  to  do  in  causing 
vertical  migration.  A  light  of  comparatively  low  intensity,  such  as 
would  be  experienced,  for  example,  in  early  evening,  wotild  not  bring 
the  animals  to  the  surface,  since  they  are  at  most  only  slightly  positive 
to  weak  lights  afUr  having  been  in  darkness,  and  we  have  seen  that 
they  are  negative  to  all  intensities  of  light  if  previously  exposed  to 
light.  It  seems  improbable  that  phototropic  responses  are  even  the 
main  factors  in  causing  diurnal  migrations. 
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It  has  been  shown  that  the  female  copepods  used  in  these  tests 
have  a  strong  positive  geotropism.  In  this  respect  they  differ  from 
the  females  of  I^bidocera  aestiva,  which  have  been  shown  by  Parker 
(:02)  to  be  negatively  geotropic.  It  is  noticeable  that  the  females 
of  Cyclops  albidus  are  not  negative  to  a  light  from  below  of  such  inten-  . 
sity  that,  if  it  operated  apart  from  gravity,  the  animals  would  move 
away  from  it.  Thus  the  positive  geotropism  is  seen  to  be  stronger 
than  the  negative  phototropism.  However,  in  darkness  this  geotropic 
response  is  changed  and  the  animals  ascend  through  the  water  for  a 
considerable  distance;  that  is,  they  are  negatively  geotropic.  When 
exposed  to  light,  such  negative  animals  move  down  at  once;  there  is 
at  that  time  a  return  to  the  condition  of  positive  geotropism.  This 
occurs,  as  has  been  shown,  in  diffuse  daylight  and  in  the  light  from  a 
Nernst  lamp.  In  the  former  case  the  light  could  have  no  directive 
effect,  though  that  would  be  possible  in  the  latter  case.  We  are  led 
to  conclude,  then,  that  light  has  at  least  a  kinetic  effect  upon  the 
negatively  geotropic  animals  in  that  it  induces  locomotion.  Car- 
penter (:o5)  has  shown  that  light  has  a  kinetic  effect  upon  the 
pomacc'fly,  Drosophila.  It  seems  probable,  however,  that  in  the 
case  of  Cyclops  light  does  more  than  induce  locomotion,  since  an 
animal  which  is  not  at  the  top  of  the  column  of  water  might  be  ex- 
pected to  move  up  as  readily  as  down,  if  the  effect  of  illumination 
were  only  kinetic.  It  may  be  that  light  produces  a  chemical  change 
in  tlie  organism  by  virtue  of  which  it  responds  positively  to  gravity. 
The  case  seems  to  be  strictly  analogous  to  those  reported  by  Locb  ( :  04) 
in  which  heliotropic  reactions  were  controlled  by  chemicals.  The 
effect  of  light  upon  Cyclops  is  best  seen  when  negatively  geotropic 
animals  are  suddenly  illuminated  from  below.  In  many  cases  the 
animals  give  a  leap  as  soon  as  the  light  strikes  them,  and  swim 
rapidly  to  the  bottom,  The  speed  of  this  movement  is  considerable, 
since  they  often  pass  through  40  cm.  of  water  in  from  thirty  to 
sixty  seconds.  Some  animals  may  sink  passively,  but  whatever  the 
mode  of  progress,  the  response  begins  when  the  light  reaches  them, 
except  in  the  very  few  cases  of  animals  that  remain  attached  to  the 
surface  film  or  to  the  sides  of  the  vessel. 

It  has  been  said  that  the  animals  were  left  in  the  cylinder  in  dark- 
ness for  hours  before  testing  them  with  the  Nernst  light.  Without 
doubt  there  is  an  upward  migration  when  the  jar  is  covered,  and 
it  would  be  desirable  to  know  when  the  animals  go  down.  They 
are  always  at  the  bottom  when  exposed  to  the  light  early  in  the  morn- 
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ing,  but  I  have  not  determined  whether  they  begin  to  move  down  a 
few  minutes  or  several  hours  after  they  are  put  into  darkness.  If 
there  is  a  physiological  effect  due  to  light  (or  darkness)  which  does 
not  wear  off  for  several  hours,  it  has  an  important  bearing  in  explain- 
ing the  cases  when,  in  nature,  animals  do  not  reach  the  surface  for 
several  hours  after  sunset,  and  leave  in  the  morning  before  sunrise 
when  there  is  no  more  light  than  at  midnight.  (On  this  subject  see 
Juday,  :04.) 

Another  unsettled  point  is  whether  or  not,  after  exposure  to  light, 
absolute  darkness  is  necessary  for  the  upward  migration.  It  is 
probable  that  weak  light  would  have  the  same  influence,  and  that 
we  could  reproduce  in  the  laboratory  the  effects  of  twilight  or  dawn 
in  causing  upward  or  downward  migration. 

No  attempt  has  been  made  to  test  the  effect  of  temperature,  along 
the  lines  of  the  theory  of  Ostwald  (;03),  in  causing  daily  migrations, 
but  it  seems  very  probable  that  light  and  gravity  are  the  predominant 
factors  in  bringing  about  the  present  phenomenon. 

Summary. 

1.  The  females  of  Cyclops  aJbidus  arc  neutral  to  artificial  lightsof 
low  intensity,  and  negative  to  that  of  high  intensities  if  subjected  lo 
the  light  after  confinement  in  darkness. 

2.  After  exposure  for  some  time  to  light  of  any  intensity,  they  are 
negative  to  light  of  low  as  well  as  of  high  intensity. 

3.  When  the  negative  reaction  appears  after  the  animals  have  been 
in  darkness,  the  negativity  increases  with  the  intensity  of  the  light 
(Table  I). 

4.  Ordinarily  the  females  of  Cyclops  albidus  are  positively  geotropic, 
but  after  having  been  in  the  light  such  animals  tend  to  become  neg- 
atively geotropic  in  darkness. 

5.  Negatively  geotropic  animals  become  positive  even  if  exposed 
to  such  intense  illumination  from  below  that  if  the  light  were  acting 
alone  they  would  be  negative  to  it. 
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THE  CAUSE  OF  THE  PHARMACOLOGICAL  ACTION  OF 
AMMONIUM    SALTS. 

By  a.   p.   MATHEWS. 

[From  lit  Laboralary  gf  Bioekemiitry  and  Pharmacaiegji,   Univtrtity  ef  Ckicagi.] 

IT  is  now  well  established  that  the  pharmacological  action  of  most 
inorganic  salts  is  due  to  the  ions  of  the  salt;  that  the  kind  of 
action  depends  on  the  character  of  the  charge  of  the  ion,  whether 
positive  or  negative;  and  that  the  degree  of  action  is  determined  by 
the  available  energy  in  the  ion  and  chiefly  by  its  potential  energy. 
The  potential  energy  depends  upon  the  electrical  affinity,  or  potential, 
of  the  ion.'  To  these  general  rules  ammonium  salts  are  in  some 
respects  exceptional,  and  It  is  the  purpose  of  this  paper  to  examine 
the  cause  of  action  of  ammonium  salts  to  see  whether  these  salts  are 
in  reality  exceptional  as  they  appear  to  be. 

In  a  previous  paper  I  have  endeavored  to  show  that  among  inor- 
ganic salts  several  apparent  exceptions  to  the  principles  quoted  above 
were  in  reality  to  be  explained  in  harmony  with  those  principles,  these 
exceptions  being  due  to  the  fact  that  more  than  one  kind  of  dissocia- 
tion occurs  in  these  cases.  The  actions  of  the  chlorates,  iodates,  and 
nitrites,  for  example,  which  cannot  be  explained  on  the  basis  of  their 
dissociating  only  into  metal  and  chlorate,  bromate,  iodate,  or  nitrite 
ions,  are  readily  explained  if  we  assume  that  some  molecules  disso- 
ciate also  into  other  kinds  of  ions,  as  their  chemical  behavior  indi- 
cates,' Furthermore  the  character  of  the  dissociation  in  these  cases 
depends  on  the  reaction  of  the  solution,  and  in  accord  with  this  their 
action  was  found  to  be  much  greater  in  acid  than  in  alkaline  tissues. 
Their  action  can,  moreover,  be  counteracted  by  alkalies. 

In  the  second  place,  it  was  pointed  out  for  many  anesthetics  [hat 
whatever  the  cause  of  the  activity  of  these  compounds   might  be, 

'  See  Mathews:  Biological  studies  by  the  pupils  of  Wm.  T.  Sedgwick,  1906. 
p.  81.     Boston. 

*  Mathews;  American  journal  of  physiology,  1904,  xi,  p.  337. 
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there  was  a  close  parallelism  between  their  chemical  activity  and  their 
pharmacological  activity,  and  it  was  suggested  that  the  latter  prop- 
erty must  depend  on  the  former.  If,  as  Nef  thinks,  chemical  activity 
depends  upon  previous  dissociation  of  the  compound,  these  facts 
clearly  indicated  that  the  pharmacological  action  of  the  anesthetics 
and  other  drugs  was  also  due  to  the  dissociation  products  of  these 
substances. 

Ammonium  salts  dissociate  principally  into  NH^  ions  and  the  acid 
ion  with  which  the  ammonia  is  combined.  They,  dissociate,  also, 
somewhat  hydrolytically,  so  that  there  is  in  all  such  solutions  a  small 
amount  of  the  free  acid  and  ammonium  hydrate.  Furthermore, 
ammonium  hydrate  dissociates  into  water  and  ammonia  gas.  The 
amount  of  the  dissociation  into  ammonium  hydrate  and  ammonia  gas 
is  variable,  being  least  in  the  chloride  and  sulphate  and  larger  in  the 
case  of  the  carbonate. 

Pharmacologically  ammonium  salts  occupy  ^n  anomalous  position 
in  many  particulars  of  their  action,  for  while  in  their  action  on  Fun- 
dulus  heteroclitus  eggs,  upon  muscle  and  the  motor  nerve,  they 
closely  resemble  potassium  salts,  in  their  action  on  certain  nerve 
centres  they  differ  entirely  from  them.  Ammonium  chloride  injected 
intravenously  produces  in  sufficient  doses  tetanic  convulsions  re- 
sembling those  of  strychnine  ;  increases  blood  pressure  ;  stimulates 
the  vagus  centre,  and  is  in  fact  a  strong  stimulant  of  the  central 
nervous  system.  It  has  also  a  strong  depressant  action  on  the  con- 
duction of  nerve  impulses  from  the  nerve  to  the  muscle.  Ammo- 
nium hydrate,  also,  acts  as  a  powerful  stimulant  on  mucous  surfaces 
and  rapidly  annihilates  nerve  irritability  without  stimulation. 

If  the  two  ions  NH^  and  CI  be  examined,  we  get  no  clew  to  the 
cause  of  these  actions.  The  chlorine  ion  is  found  in  the  tissues 
normally,  and  the  slight  increase  in  amount  due  to  the  injected  chloride 
cannot  cause  these  results.  The  ammonium  ion  has  a  velocity  very 
close  to  that  of  potassium,  and  its  potential  energy  is  not  far  from 
that  of  potassium,  although  it  is  slightly  different.  From  both  the 
kinetic  energy  and  potential  energy  content  the  ammonium  ion  ought 
to  act  much  like  potassium.  As  a  matter  of  fact,  many  of  the  actions 
of  ammonium  chloride  are  like  those  of  potassium  chloride,  as  is  welt 
known.  These  actions  may  conveniently  be  ascribed  to  the  NH^  ions. 
Potassium  chloride,  however,  produces  no  tetanic  stimulation  of  the 
central  nervous  system,  but  always  depression.     The  stimulant  action 
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of  ammonium  compounds  cannot  be  due  then,  I  think,  to  the  ammo- 
nium ion. 

The  stimulant  action  is,  however,  readily  explicable  by  a  reference 
to  the  other  dissociation,  that  is,  the  ammonium  hydrate  formed  by 
hydrolytic  dissociation.  Ammonium  hydrate,  while  it  so  rapidly 
destroys  the  conductivity  of  motor  nerves,  acts  as  a  powerful  stimu- 
lant to  many  sensory  nerve  ends.  Furthermore,  it  is  well  known  that 
ammonium  carbonate  is  a  far  more  powerful  stimulant  of  the  central 
nervous  system  than  ammonium  chloride,  and  in  the  former  the 
amount  of  ammonium  hydrate  is  far  greater  than  in  the  latter. 

That  certainly  some  of  the  action  of  ammonium  carbonate  is  prob- 
ably due  to  the  ammonium  hydrate  in  it,  is  shown  by  the  following 
observation.  I  found  that  the  addition  of  a  little  ammonium  carbon- 
ate to  sea  water,  containing  immature  eggs  of  Asterias  Forbcsii, 
caused  an  almost  instantaneous  solution  of  the  nucleolus  of  the  ger- 
minal vesicle,  before  any  change  could  be  perceived  in  the  rest  of  the 
egg.  fn  this  particular  ammonium  carbonate  seemed  peculiar.  Id 
no  other  salt  solution,  except  ammonium  hydrate,  could  I  see  a  simi- 
lar result.  Neither  ammonium  chloride,  ammonium  sulphate,  nor 
sodiumcarbonate  would  produce  any  similar  effect.  The  nucleolus 
never  disappeared  as  it-did  in  ammonium  carbonate,  I  found,  how- 
ever, that  if  a  slide  which  had  on  its  under  surface  a  hanging  drop 
containing  starfish  eggs  was  placed  over  sea  water  containing  am- 
monia, the  nucleoli  disappeared  as  if  by  magic,  and  later  the  whole 
egg  dissolved.  This  experiment  shows  that  this  particular  pharnw- 
coiogical  action  is  due  to  the  ammonium  hydrate.  This  observation 
is  of  interest  in  that  it  is,  I  believe,  the  first  time  an  agent  has  been 
found  which  has  such  a  specific  action  on-  one  of  the  nuclear 
structures. 

The  question  comes,  therefore,  to  the  determination  of  what  it  is 
in  the  ammonium  hydrate  which  gives  it  ils  action.  Both  the  ammo- 
nium and  hydroxy]  ions  may,  I  think,  be  disregarded,  since  the  fact 
that  neither  ammonium  chloride  nor  sodium  hydrate  produces  any 
similar  action  shows  that  these  ions  are  not  causing  the  effect. 

Further  evidence  that  the  action  of  ammonium  hydrate  is  due 
neither  to  the  ammonium  nor  the  hydroxyl  ions  was  obtained  by 
a  study  of  the  action  of  the  hydrate  on  muscle.  If  a  frog's  gastroc- 
nemius is  suspended  in  the  ordinary  way,  attached  to  a  lever  so  thai 
the  contraction  registers  on  a  drum,  and  then  3  c.c.  of  a  §  solution 
of  ammonium   chloride  is   allowed  to   run    over   the  surface  of  the 
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muscle  from  top  to  tendon,  no  shortening  occurs.  H,  however, 
ammonium  hydrate  of  ~  strength  is  applied,  a  short  contraction 
followed  by  a  slow  relaxation  takes  place.  An  ^  solution  of  ammo- 
nium hydrate  is  generally  too  weak  to  cause  any  contraction.  The 
contraction  of  the  muscle  is  not  due  cither  to  the  ammonium  ion 
or  to  the  hydrate  ion,  for  neither  ammonium  chloride  nor  sodium  hy- 
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drate  of  ^  strength  produces  the  contraction,  although  the  number 
of  ammonium  ions  is  vastly  greater  in  the  first,  and  the  hydroxy!  ions 
in  the  second,  than  in  ammonium  hydrate. 

Furthermore,  the  following  experiment  shows  that  the  action  runs 
pari  passu  with  the  number  of  undissociated  molecules  of  NH^OH 
present.  To  an  ?  solution  of  ammonium  chloride  ammonium  hy- 
drate was  added  sufficient  to  make  an  ^  solution.  The  number  of 
undissociated  NH^OH  molecules  in  such  a  mixture  is  greater  than 
in  the  ^^  ammonium  hydrate  by  itself.  When  such  a  solution  is 
applied  to  the  muscle,  a  marked  shortening  results,  although  ammo- 
nium hydrate  of  the  same  strength  is  ineffective,  or  nearly  so.  There 
can,  therefore,  be  no  doubt  that  an  increase  in  the  number  of  undis- 
sociated Ammomam  hydrate  molecules  means  in  this  case  an  increased 
action. 

Similar  experiments  have  been  tried  upon  the  motor  nerve  of  the 
frog,  with  closely  similar  results,  as  shown  in  Experiments  I-III.  The 
addition    of   ammonium  hydrate  to  ammonium  chloride   greatly  in- 
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creases  the  toxic  action  of  the  chloride  upon  the  nerve,  whereas 
sodium  hydrate,  in  concentrations  containing  more  hydroxyl  ions 
than  this  strength  of  ammonia,  does  not  increase  the  toxicity  of 
sodium  hydrate. 

EXPERIMENT   2. 
Efpects  of  Addition  of  NH^OH  to  NII,C1  on  Toxicity.    Sciatic  op  Frog, 
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EXPERIMENT  3. 
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The  question  which  has  not  been  solved  is  whether  the  toxic  action 
is  due  to  the  undissociatcd  ammonium  hydrate  molecules,  or  to  the 
NHg  formed  from  it.  I  thijik  this  question  may  be  answered  pro- 
visionally, although  it  is  impossible  to  determine  it  directly,  so  far  as 
I  can  see- 
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Amtnonium  hydrate  is  constantly  dissociating  into  water  and  NHg. 
When  this  dissociation  takes  place,  there  is  an  instant  when  the 
honds  on  the  nitrogen  atom  which  formerly  bound  the  water  are  free 
or  open,  —  there  is  a  moment,  in  other  words,  when  the  NHg  and  the 
water  exist  in  a  nascent  form,  before  the  two  valencies  set  free 
saturate  themselves.  The  chemical  reactions  of  ammonia  (NHg)  are 
due  either  to  the  saturation  of  these  two  free  valencies  by  the  sub- 
stances added,  as  for  example  hydrochloric  acid,  or  to  the  replace- 
ment of  one  of  the  hydrogen  atoms.  Ammonium  hydrate,  on  the 
other  hard,  enters  into  combination,  only  by  means  of  its  NH^  and 
hydroxyl  ions,  which  are  in  this  case  ruled  out. 

It  is,  therefore,  probable  that  the  action  of  the  ammonium  hydrate 
is  due  to  the  dissociated  NHj  present,  and  particularly  to  the  action 
of  this  substance  in  the  moment  of  its  origin,  when  the  valencies  of 
the  nitrogen  atom  are  open  or  dissociated. 

These  experiments  show  that  the  pharmacological  actions  of  ammo- 
nium compounds  are  due,  in  part,  to  the  ammonium  and  acid  ions 
present,  but  that  certain  pharmacological  effects  and  presumably  the 
characteristic  stimulating  action  of  ammonium  salts  run  parallel 
with  the  amount  of  undissociated  ammonium  hydrate  present  in  the 
solution  and  formed  by  hydrolytic  dissociation.  The  action  of  the 
ammonium  hydrate  is  in  its  turn  to  be  ascribed  probably,  as  is 
the  chemical  action,  to  the  NHg  formed  by  dissociation  of  the  hy- 
drate, and  probably  to  the  NHg  in  nascent  state  when  the  valencies 
of  the  nitrogen  are  open.  The  action  of  ammonium  compounds  is 
not,  therefore,  contrary  to  the  principles  of  pharmacological  action 
quoted  at  the  beginning  of  the  paper,  but  necessitate  the  recognition, 
in  addition  thereto,  of  the  pharmacological  action  of  dissociated  par- 
ticles which  are  non-ionic,  or  rather  twin-ionic,  such  as  ^  NHg 
particles.  The  well-known  greater  activity  of  the  free  alkaloids  as 
contrasted  with  their  salts  is,  in  my  opinion,  to  be  explained  in  the 
same  way,  the  alkaloid  splitting  off  water  and  having  thus  free 
nascent  bonds  in  its  nitrogen. 
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THE  RHYTHM   OF  THE  TURTLE'S  SINUS  VENOSUS  IN 
ISOTONIC  SOLUTIONS  OF  NON-ELECTROLYTES. 

By  H.  E.  EGGERS. 
[Friim  thi  Hull  Phyriolegical  Labtratvry  Qf  tin  Utm/triity  of  CAitagB.\ 

A  CONSIDERABLE  portion  of  the  more  recent  investigations  of 
the  heart  rhythm  has  been  devoted  to  attempts  to  illustrate  the 
mechanisms  of  the  normal  rhythm  by  the  production  of  artificial 
rhythms  in  non-automatic  tissues  by  various  means.  From  the  fact 
that  n  on -electrolytes  (sugar,  urea,  glycerine,  etc.)  in  isotonic  solutions 
do  not  produce  rhythmic  contractions  in  non-automatic  tissues,  and 
the  further  fact  that  such  rhythms  are  produced  by  some  of  the  inor- 
ganic salts  of  the  blood,  some  physiologists  have  been  led  to  look  for 
the  immediate  stimulus  to  the  heart  rhythm  in  the  inorganic  salts  of 
the  blood  (or  rather  of  the  heart  tissues).  Carlson'  has  recently 
pointed  out  that  this  view  rests  on  very  meagre  evidence.  It  is  to  be 
hoped  that  the  study  of  artificial  rhythms  will  ultimately  throw  some 
light  on  the  mechanisms  of  the  normal  heart  rhythm,  but  direct  evi- 
dence can  be  obtained  only  by  studying  the  normal  automatism. 
The  fact  that  sodium  chloride  'will  produce  a  transient  rhythm  in 
non-automatic  muscle  is  no  more  a  proof  that  this  salt  bears  this  same 
relation  to  the  normal  heart  rhythm  than  the  fact  that  a  muscle  fibre 
can  be  made  to  contract  by  direct  action  of  the  electric  current  is  a 
proof  that  the  nervous  impulse  is  an  electrical  current.  While  the 
non-electrolytes  do  not  produce  rhythms  in  non-automatic  tissue,  it 
is  common  knowledge  that  the  automatic  parts  of  the  heart  continue 
in  activity  for  some  time  in  isotonic  solutions  of  such  non -electrolytes 
as  the  sugars.  It  is  usually  assumed,  however,  in  this  case  that  the 
non-electrolyte  is  neutral,  and  that  the  rhythm  is  maintained  by  the 
electrolytes  within  the  automatic  cells  or  within  the  tissue  spaces. 
But  Carlson  has  shown,  for  the  automatic  as  well  as  for  the  non- 
automatic  tissues  of  the  Limulus  heart,  that  neither  sugar,  urea,  nor 

'  Carlson:  This  jouroal,  1906,  xvi,  p.  221. 
«4 


Digitized  by  Google 


Rhythm,  of  the   Turtle's  Sinus   Venosus.  65 

glycerine  can  be  considered  as  neutral  substances  or  as  acting  by 
means  of  the  osmotic  pressure  factor  alone.  In  isotonic  solutions 
these  electrolytes  have  a  purely  depressant  action  on  the  heart  muscle 
and  a  primary  stimulating  action  on  the  heart  ganglion,  while  the 
duration  of  the  ganglionic  rhythm  in  isotonic  solutions  of  these  sub- 
stances depends  on  the  condition  of  the  ganglion  as  well  as  on  the 
nature  of  the  non-etectrolyte.  Miss  Denis/  working  in  this  labora- 
tory, has  recently  shown  that  the  relative  rapidity  with  wbich  these 
non-electrolytes  stop  the  ganglionic  rhythm  bears  a  direct  relation  to 
the  rate  of  diffusion  of  the  blood  salts  into  solutions  of  the  non- 
electrolytes  and  vice  versa;  but  the  fact  that  the  duration  of  the  rhythm 
depends  on  the  condition  of  the  ganglion  goes  to  show  that  the  direct 
action  of  the  non-electrolyte  on  the  automatic  cells  is  a  factor  in 
the  ultimate  cessation  of  the  rhythm. 

At  Carlson's  suggestion  his  experiments  on  the  heart  of  Limulus 
were  repeated  on  the  sinus  venosus  of  the  turtle  in  order  to  determine 
whether  the  conclusions  based  on  the  Limulus  heart  are  applicable  to 
the  heart  of  vertebrates.  The  sinus  venosus  was  chosen  rather  than 
the  ventricle  or  auricles  for  the  following  reasons.  The  sinus  is  the 
automatic  part  of  the  heart  par  excellence.  The  walls  of  this  part  of 
the  heart  are  the  thinnest;  hence  when  immersed  in  any  solution 
the  cells  throughout  the  entire  sinus  will  sooner  be  surrounded  by  the 
same  conditions  than  would  be  the  case  with  the  auricles  or  the 
ventricles. 

In  all  experiments  the  rhythm  of  the  sinus  was  recorded  by  the 
ordinary  graphic  method,  the  sinus  being  suspended  within  a  glass 
cylinder.  This  rendered  large  sinuses  particularly  desirable.  The 
material  was  accordingly  taken  from  large  specimens  of  the  common 
snapping  turtle  (Chclydra  serpentina). 

The  sinus  was  removed  with  as  little  handling  as  possible,  imme- 
diately after  the  death  of  the  animal,  and  when  not  used  at  once,  was 
kept  in  serum  until  used.  The  sinus  was  of  course  freed  as  com- 
pletely as  possible  from  auricular  tissue.  The  great  size  of  the  organ 
in  this  turtle  made  it  advisable  to  separate  the  right  and  left  halves, 
and  this  was  accordingly  done,  the  behavior  of  the  two  being  recorded 
separately.  In  general  the  two  halves  behaved  similarly,  sometimes 
the  one,  sometimes  the  other,  beating  the  longer,  depending  apparently 
on  the  degree  of  injury  each  had  sustained  in  removal. 

The  solutions  used  were  quarter  normal,  this  making  them  practi- 
'  Denis:  This  journal,  1906,  xvii,  p.  35. 
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cally  isotonic  with  the  serum  of  the  animal.  The  solutions  were 
chemically  pure,  for  the  most  part  of  Schuchardt's  preparation.  The 
water  used  was  redistilled  in  glass. 

Work  was  done  with  solutions  of  cane  sugar,  dextrose,  Ixvulose, 
urea,  and  glycerine.  The  action  of  the  diBerent  sugars  is  practically 
the  same  both  quantitatively  and  qualitatively.     Urea  and  glycerine 


PiGUKB  1. —  Four-fifths  the  original  size.  Tiacing  from  the  turtle's  sinus  immersed  in 
an  isotonic  solution  of  Isevulose,  allowing  fibrillary  contractions. 

act  with  much  greater  rapidity  than  do  the  sugars.  The  primary 
action  of  glycerine,  moreover,  appears  to  be  difTerent  from  that  of  the 
other  non -electrolytes. 

In  considering  the  action  of  these  solutions  on  the  rhythm  of  the 
sinus  tissue,  the  effects  on  the  rate  and  on  the  amplitude  of  the  beats 
will  be  taken  up  separately.  Tliat  to  some  extent  the  two  are  inter- 
dependent is  of  course  obvious;  but  differences  of  such  a  character 
were  obtained  as  could  not,  it  is  believed,  be  explained  on  this  basis. 
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Figure  2.  —  One-third  the  original  size.  Tracing  from  the  turtle's  sinus  immersed  in 
an  isotonic  solution  of  Izvulose,  showing  the  typical  periods  of  rapid  rhythm  alternat- 
ing with  periods  of  quiescence, 

1.  BSeot  on  rate  of  beat.  —  Urca  and  the  sugars  augment  the 
rate  of  the  sinus  rhythm.  The  rhythm  is  at  first  perfectly  regular, 
but  finally  becomes  irregular  and  apparently  assumes  the  character 
of  fibrillar  contraction  (Fig.  i).  In  other  words,  the  sinus  goes  into  a 
state  of  delirium.  That  this  irregular  rhythm  actually  partakes  of  the 
character  of  delirium  cordis  could  in  some  instances  be  seen  by  direct 
observation.  This  irregular  rhythm  is  followed  by  temporary  or 
permanent  cessation  of  the  automatic  activity.  In  some  of  the  prep- 
arations exhibiting  the  temporary  cessation  of  the  rhythm  the  al- 
ternating periods  of  activity  and  quiescence  were  continued  for  a 
considerable  period  before  the  final  stoppage  of  the  rhythm  (Fig.  2). 

In  the  case  of  glycerine  no  primary  augmentation  of  rate,  aside 
from  delirium,  was  observed.  The  rapid  onset  of  delirium  in  the 
glycerine  solution  is  illustrated  in  Fig.  3. 

2.  Bffaot  on  tbe  intenBlt?  of  the  beat.  —  Ail  the  sugars  used  pro- 
duced a  primary  augmentation  of  the  amplitude  of  the  contraction 
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(Fig.  4,  B).  This  augmentation  appeared  very  soon  after  immersion 
of  the  sinus  in  the  solution.  It  is  of  rather  brief  duration,  and  in  these 
respects  different  from  the  stimulating  action  on  the  rate,  which 
appears  later  and  is  of  longer  duration.  The  two  overlapped,  how- 
ever. The  primary  augmentation  of  the  strength  of  the  beat  is 
followed  by  a  gradual  depression,  progressing  till  the  final  cessation 
of  the  rhythm.  Needless  to  say,  the  appearance  of  the  delirium  was 
attended  by  marked  decrease  in  intensity  of  the  contraction. 


Figure  3.  —  About  two-thirds  the  original  size.  Tracing  Crom  the  turtle's  sinus  im- 
mersed in  an  isotonic  solution  of  glycerine,  x,  application  of  the  glycerine  solution, 
showing  rapid  onset  of  deliiiuni  cordis  In  ihe  gLycerine  solution. 

Urea  apparently  does  not  increase  the  strength  of  the  contraction. 
The  application  of  the  solution  resulted,  when  the  sinus  was  origi- 
nally beating  strongly,  in  an  almost  immediate  tonus;  any  increase 
of  amplitude  was  of  too  brief  duration  to  be  apparent  after  even  the 
short  interval  necessary  to  readjust  the  recording  lever  to  the  drum. 

No  augmentation  of  the  strength  of  the  beats  was  observed  with 
the  glycerine  solution. 

The  primary  stimulating  action  of  one  of  the  sugars  is  strikingly 
shown  in  Fig.  5,  A.  In  this  case  the  sinus  had  been  excised  twenty- 
four  hours  previously,  and  had  at  that  time  been  placed  in  the  laevu- 
lose  solution  till  the  rhythm  ceased.  It  was  then  placed  in  serum  on 
ice,  being  warmed  to  room  temperature  before  using.  It  will  be  ob- 
served that  the  inactive  (save  for  tonus  rhythm)  sinus,  after  immer- 
sion in  the  Isevulose  solution  a  second  time,  resumed  for  a  time  a 
perfectly  regular  rhythm. 

3.  \  The  dnration  of  the  slniia  rhTthm  In  tb«  dUterent  solntlons.  — 
When  comparing  the  rate  of  action  of  the  sugar,  urea,  and  glycerine 
solutions,  some  differences  between  the  Limulus  heart  ganglion  and 
the  turtle's  sinus  come  to  light.  The  sinus  maintains  its  activity  the 
longest  in  the  sugar  solutions,  just  as  Carlson  found  to  be  the  case 
with  the  automatic  heart  ganglion  of  Limulus.  But  glycerine  stops 
the  sinus  rhythm  about  as  soon  as  urea,  while  the  Limulus  heart 
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ganglion  is  brought  to  a  standstill  much  quicker  by  the  urea  than  by 
the  glycerine  solutions.  Hence  for  the  turtle's  sinus  the  duration  of 
automatism  in  these  solutions  does  not  bear  a  direct  relation  to  the 
rate  of  diffusion  of  the  blood  salts  into  the  solutions  or  the  rate  of 
diffusion  of  the  electrolytes  themselves  in  distilled  water,  or  in  f 
sodium  chloride. 

There  is  considerable  individual  variation  in  the  length  of  time  that 
the  sinuses  from  different  specimens  continued  in  activity  in  the  solu- 


FIOURE  4-  —  About  iwihliFlli.-ilhe  original  size.  .4,  tracing  from  the  turtle's  sinus  twenty- 
four  hours  after  removal  from  animal.  Sinus  quiescent,  but  exhibiting  tonus  rhythm. 
X,  application  of  an  isotonic  solution  of  dextrose,  showing  inauguration  of  the  fundamental 
rhythm  by  the  sugar  solution,  B,  tracing  from  the  turtle's  sinus  immersed  in  an  isotonic 
solution  of  dextrose,  x,  application  o(  the  dextrose  solution,  showing  primary  stimula- 
tion by  the  sugar  solution. 

tion  of  the  same  non-electrolyte.'  Part  of  this  difTerence  is,  in  all  proba- 
bility, due  to  unavoidable  injuries  to  the  tissue  in  preparation,  as  it 
was  observed  in  the  case  of  the  two  halves  of  the  sinus  from  the  same 
specimen.  But,  other  things  equal,  the  sinus  from  a  vigorous  speci- 
men continues  in  rhythm  in  any  of  the  solutions  for  a  longer  time 
than  the  sinus  from  a  specimen  in  poor  condition.  The  rate  of  action 
of  these  non-electrolytes  is  therefore  dependent  on  the  condition  of 
the  sinus,  just  as  Carlson  found  to  be  the  case  in  the  Limulus  heart 
ganglion.  This  is  further  shown  by  the  fact  that  a  sinus  brought  to 
standstill  in  the  sugar  solution,  then  rendered  active  by  immersion  in 
serum,  and  again  immersed  in  sugar  solution,  does  not  maintain  its 
activity  in  the  second  sugar  as  long  as  in  the  first. 

In  this  connection  an  interesting  phenomenon,  observed  witn  one 
of  the  sinuses  in  urea  solution,  deserves  mention.  The  sinus  im- 
mediately following  excision  was  left  in  the  urea  solution  till  the 


for 


In  the  sugar  solutions  a  si 
urea  the  longest  period  v 


s  been  observed  to  beat  as  long  as  two  hours ; 
ty  minutes;  for  glycerine  about  sixty-eight 
an  exceptionally  large  and  vigorous  turtle. 


Digitized  by  Google 


Rhythm  of  tlie  Turtles  Sinus   Venosus.  69 

rhythm  had  nearly  ceased,  was  transferred  to  serum  on  ice  for  twenty- 
four  hours,  and  was  then  again  immersed  in  urea  solution.  Its  period 
of  activity  for  the  second  time  was  about  one  quarter  longer  before 
the  same  degree  of  exhaustion  was  obtained  than  for  the  first  time. 
The  most  obvious  explanation  of  this  explanation  to  the  general  rule 
would  be  on  the  basis  of"  shock." 

If  we  regard  the  irregular  rhythm  or  delirium  of  the  sinus  as  evi- 
dence of  stimulation,  it  is  obvious  that  these  non-electrolytes  have  the 
same  action  on  the  turtle's  sinus  as  in  the  Limulus  heart  ganglion, 
that  is,  a  stimulating  action  followed  by  depression  and  paralysis.  In 
the  case  of  the  sugars  the  primary  stimulating  action  on  the  sinus  ap- 
pears both  in  the  rate  and  the  intensity  of  the  beats,  and  comes  prior 
to  the  onset  of  the  irregular  rhythm.  The  urea  solution  apparently 
acts  in  the  direction  of  stimulation  only  on  the  rate,  but  this  is  evi- 
dent before  the  fibrillary  contractions  set  in,  while  the  primary  stimu- 
lating action  of  glycerine  appears  only  in  fibrillary  contractions.  It 
is  conceivable  that  fibrillary  contractions  may  be  called  forth  by  a 
depressor  action  on  the  co-ordinating  mechanism ;  but  they  can  also 
be  produced  by  excessive  stimulation,  and  this  is  in  all  likelihood 
their  origin  in  these  experiments,  because  the  stimulating  phase  of  the 
sugar  and  the  urea  action  passes  into  this  form  of  heart  activity. 
The  fibrillary  contractions  of  the  sinus  in  these  solutions  are  to  all 
appearance  identical  with  the  irregular  contraction  of  the  Limulus 
heart  muscle  following  the  immersion  of  the  heart  ganglion  in  similar 
solutions. 

In  the  case  of  the  Limulus  heart  these  non-electrolytes  primarily 
augment  the  rhythm  when  the  whole  heart  as  well  as  when  only  the 
heart  ganglion  is  immersed  in  the  solution.  When  the  solution  acts 
on  the  Limulus  heart  muscle  alone,  they  depress  the  rhythm  from  the 
beginning.  These  facts  show  that  the  heart  ganglion  is  so  much 
more  sensitive  than  the  heart  muscle  that  when  the  solution  acts  on 
both  at  the  same  time  their  primary  action  on  the  ganglion  is  first 
apparent.  On  the  neurogenic  theory  of  the  vertebrate  heart  rhythm 
the  action  of  these  solutions  on  the  turt1e''s  sinus  is  brought  into 
complete  agreement  with  their  action  on  the  Limulus  heart.  The 
absence  of  any  primary  augmentation  of  the  amplitude  of  the  sinus 
beats  by  urea  and  glycerine  is  probably  due  to  this  depressor  action 
on  the  heart  muscle,  while  the  stimulating  phase  results  from  the 
primary  action  on  the  sinus  ganglia. 
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Summary. 

1.  Isotonic  solutions  of  sugar,  urea,  and  glycerine  have,  on  the 
whole,  the  same  primary  action  on  the  turtle's  sinus  as  on  the  Limu- 
lus  heart  ganglion  or  on  the  entire  Limulus  heart,  that  is,  in  the 
direction  of  stimulation.  This  fact,  in  view  of  the  further  fact  that 
these  same  solutions  have  only  a  depressor  action  on  the  Limulus 
heart  muscle,  tends  to  support  the  neurogenic  theory  for  the  vertebrate 
heart. 

2.  The  ultimate  cessation  of  the  sinus  rhythm  in  isotonic  solutions 
of  these  non-electrolytes  is  due  to  some  direct  action  of  the  non-elec- 
trolyte on  the  cells,  because  the  duration  of  the  rhythm  in  any  one  of 
the  solutions  depends  on  the  condition  of  the  sinus,  and,  further, 
because  this  duration  does  not  stand  in  direct  relation  to  rate  of 
di^usion  of  the  blood  salt  into  the  specific  solution,  or  the  rate  of 
diffusion  of  the  specific  non-electrolyte  into  water  or  g  sodium 
chloride. 

3.  It  is  not  permissible,  at  least  for  the  heart  tissues,  to  assume 
that  any  of  these  non -electrolytes  are  without  action  on  the  tissues 
save  through  the  osmotic  factor. 
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ON  THE  MECHANISM  OF  THE    REFRACTORY  PERIOD 
IN   THE    HEART. 

By  a.  J.  CARLSON. 

[Avm  tJU  Hull  P/tyiifflBgical  LaiaraUry,  Uttivtrsily  cf  Chkagii.\ 

THE  experiments  here  recorded  were  undertaken  for  the  purpose 
of  determining  whether  there  is  any  causal  connection  between 
the  property  of  so-called  refractory  period  and  the  property  of  autom- 
atism in  the  heart.  So  far  as  these  experiments  include  the  inver- 
tebrate heart  they  are  merely  a  continuation  of  the  work  on  the  systolic 
refractory  state  reported  in  this  journal  last  year.'  In  that  work  it 
was  shown  that  the  invertebrate  heart  (molluscs,  arthropods,  tunicates) 
exhibits  the  typical  refractory  period  at  the  beginning  and  during 
systole,  that  ts,  a  refractory  period  tn  the  sense  of  reduced  excita- 
bility. But  it  is  reduced  excitability  only,  and  not  a  condition  of  in- 
excitability.  The  experimental  evidence  in  support  of  this  thesis  is 
conclusive.  Observers  who  deny  the  presence  of  a  refractory  state 
in  the  invertebrate  heart  obviously  understand  by  refractory  period  a 
state  of  absolute  inexcitability.  Such  a  condition  does  not  exist  in  the 
invertebrate  heart,  although  in  some  of  the  molluscs  (octopus)  and 
tunicates  (ciona)  the  excitability  of  the  heart  at  the  beginning  of  the 
automatic  beat  is  very  slight. 

Three  years  ago  I  showed  that  a  refractory  period  in  the  sense  of 
absolute  inexcitability  does  not  exist  in  the  heart  of  one  of  the  lowest 
vertebrates,  the  California  hagRsh  (Bdellostoma).^  Supermaximal 
contractions  as  well  as  submaximal  contractions  can  be  produced  in 
the  ventricle,  auricle,  and  hepatic  heart  of  this  animal  by  strong 
induction  shocks  sent  through  the  heart  at  the  very  beginning  of 
systole ;  and  not  only  that,  but  it  is  less  difficult  to  obtain  these  super- 
maximal  beats  in  the  auricle  than  in  the  ventricle,  although  the  latter 

'  Carlson  :  This  journal,  1906,  xvi,  p.  67. 

'  Carlson:  Zeitschrift  fiir  allgemeine  Physiologic,  1904,  ii,  p.  259. 
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exhibits  much  less  automatism  than  the  former.  As  regards  the 
refractory  state,  therefore,  there  is  no  difference,  or  at  the  most  only 
a  difference  in  degree,  between  the  heart  of  this  vertebrate  and  the 
invertebrate  heart.  These  observations  have  now  been  extended  to 
the  higher  vertebrates  (amphibians,  reptiles)  with  practically  the 
same  results.  The  frog  heart  and  the  tortoise  heart  are  excitable  at 
the  beginning  of  systole,  just  as  is  the  case  with  the  hagfish  heart 
and  the  invertebrate  heart.  The  view  that  the  systolic  refracloiy 
state  in  the  vertebrate  heart  is  a  condition  of  absolute  inexcitabillty 
is  therefore  untenable  for  many  vertebrates,  and  will  probably  prove 
untenable  for  all. 

One  series  of  the  experiments  was  directed  towards  determining 
whether  the  refractory  state  of  the  heart  is  a  property  of  the  heart 
muscle  or  the  nervous  tissue  or  both.  The  other  series  aimed  to 
determine  the  degree  of  refractory  state  exhibited  by  the  different 
parts  of  the  vertebrate  heart.  If  there  is  a  causal  connection  between 
automatism  and  a  refractory  state  in  the  sense  of  absolute  inexcitabil- 
lty, we  ought  to  find  this  condition  in  the  primus  movens  of  the  heart, 
the  sinus,  or  in  mammals,  the  mouth  of  the  great  veins,  and  we  would 
expect  a  less  degree  of  refractory  state  or  even  none  at  all  in  parts 
of  the  heart  not  automatic,  for  example,  the  tortoise  ventricle,  or  the 
apex  of  the  frog  ventricle. 

I.   The  Tissues  in  the   Heart  concerned  in  the  Property 

OF    THE   ReFRACTORV    StATE, 

I.  The  automatic  heart  ganglion  of  Limulus  exhibits  the  typical 
refractory  period  of  the  heart  or  a  state  of  redtued  excitability  during 
systole. — For  the  experiments  demonstrating  this  point  the  dorsal 
nerve  cord  or  ganglion  was  isolated  from  the  heart  muscle  except  in 
the  first  two  heart  segments,  which  were  used  for  recording  the 
ganglionic  rhythm.  The  heart  muscle  was  transsected  in  the  middle 
of  the  second  segment,  and  the  part  posterior  to  the  lesion  removed. 
This  leaves  the  ganglion  on  the  posterior  end  of  the  heart  free,  so  that 
it  can  be  placed  on  the  electrodes  and  stimulated  without  the  stimulus 
reaching  the  heart  muscle,  while  the  connection  of  the  ganglion  with 
the  musculature  of  the  first  two  segments  insures  accurate  records  of 
the  activity  of  the  ganglion.  This  method  of  preparing  the  heart  is 
described  in  more  detail  in  my  report  on  the  action  of  temperature 
variations  on  the  Limulus  heart.^ 

'  Cari^on:  This  journal,  1906,  xv,  p.  207. 
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An  intensity  of  the  induced  shock  that  produces  shortening  of  the 
diastole  and  a  supermaximal  contraction  of  the  heart  muscle  when 
sent  through  the  ganglion  towards  the  end  of  the  systole  of  the 
muscle  produces  no  visible  effect  when  sent  through  the  ganglion 
at  the  beginning  of  the  muscle  contraction.  The  beginning  of  the 
contraction  of  the  heart  muscle  is,  of  course,  not  the  beginning  of 
the  discharge  of  the  impulse  from  the  ganglion.  Hence,  by  this 
method  it  is  not  possible  to  stimulate  the  ganglion  at  the  very  begin- 
ning of  the  nervous  discharge.     It  is  not  known  whether  the  time  of 


a  b 

Figure  1.  —One-half  the  original  size.  Tracing  from  ihe  anterior  end  of  the  Limulus 
heart  The  dorsal  ganf-lion  isolated  from  ihe  heart  muscle  posteriorly  and  stimulated 
with  induced  shocks  (make)  of  uniform  intensity,  a,  ganglion  stimulated  near  the 
beginning  of  systole.  Ii,  ganglion  stimulated  (owaTds  the  end  of  diastole,  showing 
diminished  excitability  of  the  heart  ganglion  for  some  time  after  the  beginning  of  an 
automatic  discharge. 

discharge  from  the  ganglion  covers  the  entire  time  of  systole  of  the 
muscle.  But  even  if  it  does,  it  is  obvious  that  the  beginning  and  the 
end  of  the  muscle  systole  lag  behind  the  beginning  and  the  end  of 
the  discharge  from  the  ganglion,  because  the  region  of  the  ganglion 
that  is  especially  automatic  is  in  the  middle  third  oi  the  heart,  that 
is,  removed  from  the  heart  muscle  in  our  preparation  by  a  distance 
of  three  to  four  centimetres.  And  it  has  been  shown  in  a  previous 
paper  that  the  dorsal  nerve  plexus  in  the  Liniulus  heart  conducts  at 
the  low  rate  of  40  cm.  per  second.'  Whatever  be  the  exact  time 
relations  between  the  ganglionic  discharge  and  the  systole  of  the 
heart  muscle,  it  is  certain  that  the  stimulus  which  is  effective  when 
sent  through  the  ganglion  at  the  end  of  the  latter  is  ineffective  when 
applied  to  the  ganglion  at  the  beginning.  This  fact  can  only  be 
interpreted  in  one  way,  namely,  that  the  ganglion  exhibits  diminished 
excitability  for  an  appreciable  time  after  or  during  the  automatic 
discharge. 

Typical  tracings  illustrating  this  point  are  reproduced  in  Figs,  i 
and  2.  The  make  shock  (down  stroke  of  signal)  is  used  for  stimu- 
lus. The  tracing  in  Fig.  i  is  from  a  rapidly  moving  recording  surface. 
The  strength  of  the  shock  is  the  same  at  a  and  b.     At  a,  beginning 

'  Carlson  :  Tiiis  journal,  1906,  xv,  p.  99. 
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of  systole,  it  is  practically  ineffective,  while  towards  the  end  of  dias- 
tole (*)  the  stimulation  not  only  shortens  the  diastole,  but  produces 
a  supermaxtmal  beat. 

It  is  equally  easy  to  demonstrate  that  this  refractory  state  of  the 
ganglion  is  not  a  condition  of  absolute  inexcitability.  If  induced 
shocks  of  sufficient  intensity  are  used,  supermaximal  beats  are  pro- 
duced by  stimulating  the  ganglion  at  the  beginning  of  the  muscular 
systole.  It  may  be  urged  that  these  experiments  do  not  show  that 
the  ganglion  is  excitable  at  the  very  beginning  of  the  discharge,  since 
it  is  being  stimulated  an  appreciable  lime  after  the  beginning.      I 


f r 
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FiGURB  2.  —  Tracing  from  (he  anterior  end  of  the  Limulus  heart  H«art  ganglion  pre- 
pared and  stimulaied  as  in  Kig.  1.  a,  stimulation  of  ganglion  and  the  beginning  of 
systole.  4,  stimulation  of  ganglion  towards  the  end  of  diastole.  Showing  diminished 
excitability  of  the  ganglion  at  the  beginning  of  systole. 

have  tried  to  demonstrate  an  absolute  refractory  state  in  the  ganglion 
by  stimulating  it  a  fraction  of  a  second  before  the  beginning  of  the 
muscular  systole  so  as  to  make  the  stimulation  coincident  with  the 
beginning  of  the  discharge,  but  if  the  induced  shock  was  strong  enough 
I  never  failed  to  get  the  supermaximal  beat.  The  fact  that  the  gan- 
glion can  be  tetanized  with  the  strong  interrupted  current  also  tends 
to  show  that  refractory  state  of  the  ganglion  is  not  absolute. 

A  typical  tracing  showing  supermaximal  beats  following  a  strong 
induced  shock  sent  through  the  ganglion  at  the  beginning  of  the 
muscular  systole  is  reproduced  in  Fig.  3. 

2.  As  long  as  the  heat  t  ganglion  is  iji  physiological  connection  with 
the  heart  muscle,  the  heart  muscle  and  nerve  plexus  exhibit  a  condition 
of  reduced  excitability  at  the  beginning  of  systole.  — This  result  is 
obtained  from  all  regions  of  the  heart.  Nor  is  it  necessary  that  the 
ganglion  is  intact  in  the  region  stimulated.  The  ganglion  may  be 
extirpated  in  the  first  two  segments  and  the  heart  muscle  removed 
for  a  distance  of  one  or  two  centimetres  in  the  third  segment,  leaving 
the  anterior  end  connected  with  the  ganglion  by  the  lateral  nerve 
plexus  only,  and  this  ganglion-free  anterior  end  exhibits  the  same 
condition  of  reduced  excitability  at  the  beginning  of  systole  as  the 
middle  region  of  the  heart  containing  the  ganglion. 
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The  heart  muscle  and  the  nerve  plexus  in  the  Limulus  heart  respond 
to  stimulation  with  induction  shocks.  These  tissues  are  therefore 
directly  excitable  to  the  induced  current.  It  is  probable,  however, 
that  both  the  muscle  and  the  nerve  plexus  are  less  readily  stimulated 
by  the  induced  current  than  is  the  heart  ganglion,  because  it  has 
been  shown  that  on  extirpation  of  the  ganglion  the  response  of  the 
heart  to  direct  stimulation  is  greatly  dimtnished.^  The  maximal 
stimulus  for  the  intact  heart  becomes  submaximal  on  removal  of  the 
ganglion.  This  fact  mi^ht  suggest  the  following  explanation  of  the 
apparent  refractory  state  of  heart  muscle  and  nerve  plexus  )ust  de- 


FlcuRE  3.  —  Two-thirds  (he  original  siie.  Tracing  from  the  anterior  end  of  the  Limulu* 
heart.  Ganglion  isolated  posteriorly,  and  stimulated  with  2  strong  induced  shocic 
near  the  beginning  of  systole.  Supermaximal  beat  following  strong  stimulation  of 
the  ganglion  at  the  beginning  of  systole, 

scribed,  namely,  that  it  is  really  the  refractory  state  of  the  ganglion 
and  not  of  the  muscle  and  nerve  plexus  that  is  brought  out  by  these 
experiments.  The  stimulus  is  too  weak  to  act  on  the  heart  muscle 
and  the  motor  nerve  directly,  but  strong  enough  to  act  on  the  gan- 
glion and  on  the  afferent  reflex  fibres  in  the  plexus.'  Hence  the  re- 
sponse of  the  muscle  on  stimulation  during  diastole  is  due  to  a  reflex 
through  the  ganglion.  And  the  failure  of  the  response  at  the  begin- 
ning of  systole  is  due  to  refractory  state  of  the  ganglion  at  this  periotl. 
This  theory  was  put  to  the  experimental  test  in  the  following  way. 
The  ganglion  was  extirpated  in  the  first  two  segments  and  the  heart 
muscle  completely  dissected  away  in  the  third  segment,  leaving  the 
lateral  nerves  intact.  The  two  ends  of  the  heart  were  suspended  for 
simultaneous  graphic  registration  in  the  usual  way,  and  ihe  electrodes 
arranged  for  sending  the  current  through  the  anterior  end  from  side 
to  side.  Now,  if  the  response  on  stimulating  during  systole  is  due  to 
direct  action  of  the  current  on  the  heart  muscle  and  the  motor  nerves, 
that  response  should  be  confined  to  the  anterior  end.  If  it  is  a  reflex 
through  the  ganglion,  however,  the  posterior  end  of  the  heart  should 
also  exhibit  the  extra  contraction.  The  results  contradicted  the  pro- 
posed explanation.  The  extra  contraction  was  confined  to  the  ante- 
rior end.     It  is  therefore  not  a  reflex  through  the  ganglion,  but  a 

'  Carlson  :  This  journal,  1905,  xiii,  p.  217. 
'  Ibid^  1905.  "ii.  p-  471. 
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direct  effect  of  the  current  either  on  the  heart  muscle  or  on  motor 
nerve  plexus  or  on  both.  Hence  it  follows  that  a  stimulus  slro^ 
enough  to  produce  an  extra  beat  by  acting  on  the  heart  muscle  and 
nerve  plexus  fails  to  produce  any  visible  effect  when  sent  through  tki 
same  tissues,  at  the  beginning  of  the  normal  systole.  —  In  other  words, 
both  ganglion,  motor  nerve  plexus,  and  heart  muscle  exhibit  the 
systolic  refractory  state  or  diminished  excitability.  In  neither  of  Ihe 
tissues  is  the  refractory  condition  absolute.     A  strong  induced  shock 

~o.  b  a  b 

FiGUKK  4.  —  One-third  ihe  original  siie.  Tracing  from  the  anterior  end  of  the  IJmului 
heart.  Ganglion  extirpated  from  Ihe  anterior  end,  the  lateral  nerves  being  left  iniict. 
The  ganglion-frce  anterior  end  stimulated  with  induced  shocks  of  uniform  intcniiir. 
a,  stimulation  at  the  beginning  of  systole,  b,  stimulation  towards  the  end  of  diastole. 
Showing  diminished  excitability  of  the  heart  muscle  and  nerve  pleius  at  the  begioninj 


of  a 


il  (neurogenic) 


beat. 


sent  through  the  anterior  end  of  the  heart  (prepared  as  just  described) 
at  the  beginning  of  systole  produces  a  supermaximal  contraction  juX 
as  when  the  ganglion  is  similarly  stimulated. 

3.  Do  the  Limulus  heart  muscle  and  motor  nerve  plexus  exhibit  a 
systolic  refractory  state  after  being  severed  from  the  ganglion  ?  Sinct 
extirpation  of  the  ganglion  abolishes  the  automatic  contractions  per- 
manently, this  question  can  only  be  attacked  by  means  of  artificial 
rhythms.  Attempts  were  made  to  decide  the  point  by  stimulating 
the  isolated  segments  by  a  uniform  series  of  induction  shocks  at  the 
rate  of  every  four  or  five  seconds  and  by  means  of  a  second  set  of 
electrodes  test  the  excitability  of  the  heart  tissues  at  the  beginning  of 
the  contraction.  The  results  were  not  conclusive,  mainly  because 
of  the  difficulty  of  getting  a  series  of  contractions  of  absolute  uni- 
form amplitude  from  the  Limulus  heart  after  the  nerve  cord  is 
removed.  The  inlerpretation  of  the  tracings  from  these  experiments 
is  therefore  difficult. 

Since  these  inconclusive  experiments  were  made  I  have  found  that 
the  sodium  chloride  rhythm  of  the  Limulus  heart  deprived  of  the 
ganglion  is  idio-muscular  and  that  the  superficial  or  dorsal  ner^e 
plexus  takes  no  part  in  the  rhythm.^  The  sodium  chloride  rhythm 
may,  in  rare  instances,  be  perfectly  regular  in  the  rate  and  the 
amplitude  of  the  contractions.  It  is  obvious  that  this  rhythm,  when 
'  Carlsok:  Tliis  journal,  1907,  xvii,  p.  478. 
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regular,  gives  the  conditions  for  determining  whether  the  heart 
muscle  exhibits  the  refractory  state  during  an  artificial  systole.  It 
is  true  that  during  the  period  that  the  sodium  chloride  rhythm  re- 
mains regular  the  heart  muscle  continues  to  respond  to  the  stimu- 
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FruuRE  5  ~  A-C,  tracings  from  the  isolated  frog's  vciiiride.  Z),  tracing  from  llie  isolated 
toad's  ventricle,  m,  make  induced  shock,  b.  break  induced  shock.  Stimulation  at 
the  beginning  of  systole  resulting  in  supennaximal  beats  at  times  accompanied  or 
followed  by  tonus  contraction.  Showing  excitability  of  these  ventricles  at  the  begin- 
ning of  systole. 

lation  of  the  motor  nerves,  so  that  on  direct  stimulation  we  do  not 
know  whether  we  are  stimulating  the  muscle  directly  or  indirectly 
thrtjugh  the  nerve  plexus.  But  that  does  not  affect  this  question,  as 
the  nerves  or  the  motor  plexus  are  not  active  in  this  rhythm  and  hence 
cannot  possibly  exhibit  a  refractory  state.  The  question  will  be 
settled  by  this  method  as  soon  as  material  is  at  hand. 

4,  Is  the  refractory  state  in  the  vertebrate  heart  a  property  of  the 
heart  muscle  apart  from  the  intrinsic  heart  ganglia  and  nerve  plexus .' ' 
{i)  It  is  needless  to  say  that  this  question  has  not  so  far,  and  perhaps 
never  can  be,  attacked  by  direct  experiments.  Rohde  has  recently 
attempted  to  answer  the  question  by  studying  the  changes  in  the 
response  of  the  frog's  ventricle  to  direct  stimulation  after  subjectmg 
section   were  performed   in  conjunction  with    Mr. 
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the  ventricle  to  the  action  of  chloral  hydrate,'  According  to  Robde 
the  physiological  properties  peculiar  to  the  heart  tissues  are  abolished 
by  chloral  hydrate  before  contractility  and  irritability  are  abolished. 
The  refractory  state  is  shortened  if  not  altogether  abolished,  theall- 
or-none  law  fails,  and  appropriate  stimulation  produces  superposition 
and  tetanus.  Rohde  interprets  these  results  as  due  to  the  paralysis 
of  the  nervous  tissue  in  the  frog's  ventricle  by  the  drug  before  the 
muscle  is  paralyzed.  On  this  assumption  the  refractory  state  and 
the  other  properties  peculiar  to  the  heart  are  properties  of  the  nervous 
tissue  or  of  the  nervous  and  the  muscular  tissues  as  long  as  they 
retain  their  functional  relations,  but  when  the  heart  muscle  is  isolated 
from  the  nervous  tissue  it  responds  to  direct  stimulation  like  skeletal 
and  smooth  muscle.  Schultz,*  working  in  Howell's  laboratory,  has 
repeated  Rohde's  experiments,  using  the  frog  and  the  terrapin  ven- 
tricle. Schultz's  experiments  practically  confirm  the  results  of  Rohde, 
except  on  the  one  point  touching  the  complete  abolition  of  the  sys- 
tolic refractory  state.  According  to  Schultz,  the  ventricular  tissue 
retains  the  characteristic  refractory  state  in  chloral  narcosis  as  long 
as  contractility  is  retained,  although  the  drug  shortens  the  duration 
of  the  refractory  period.  Thus  summation  of  the  contractions  is  pro- 
duced by  stimuli  reaching  the  ventricle  during  the  latter  third  of  the 
systole.  The  tracings  published  by  Rohde  (Fig.  2  b)  do  not  prove 
that  the  "  shortened  absolute  refractory  period  "  in  the  sense  thai 
term  is  employed  by  Schultz  is  abolished,  because  in  these  records 
some  of  the  stimuli  that  give  rise  to  the  supermaximal  beat  reach  the 
heart  in  the  last  third  of  systole. 

I  have  shown  in  a  previous  paper  that  Rohde's  theory  is  completely 
substantiated  by  the  action  of  chloral  hydrate  on  the  tissues  in  the 
Limulus  heart,  this  drug  paralyzing  first  the  ganglion,  then  the  dooal 
or  superficial  nerve  plexus,  and  lastly  the  heart  muscle.^  I  am  not 
yet  in  position  to  state  whether  or  not  a  systolic  refractory  state  can 
be  demonstrated  in  the  Limulus  heart  muscle  after  paralyzing  the 
nervous  tissue  by  chloral  hydrate.  The  contractions  of  the  hear 
muscle  after  such  paralysis  of  the  ganglion  are  those  called  forth  by 
artificial  stimulation,  and  it  is  difficult  to  obtain  a  uniform  series  of 
contractions,  even  when  great  care  is  taken  to  have  the  stimulus  of 
uniform  intensity. 

'  Rohde:  Archiv  fiirexperimentelk  Pathologic  und  Pharmakologie,  1905, hi', 
p.  104. 

*  Schultz  :  This  journal,  1906,  xvi,  p.  483. 

•  Carlson:  liiti.,  xvii,  p.  1. 
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(2)  Nerve  tissue  probably  dies  sooner  thao  muscular  tissue  when 
respiration  and  nutrition  are  stopped.  If  the  refractory  state  depends 
on  the  nervous  tissue  in  the  heart,  the  excised  or  dying  heart  ought 
to  exhibit  a  condition  of  diminished  or  abolished  refractory  state  in 
the  later  stages  while  it  still  retains  some  excitability  and  contractil- 
ity. This  hypothesis  was  tested  on  the  tortoise  ventricle,  which  under 
normal  conditions  coraes  nearer  than  the  frog  ventricle  to  having  an 
"  absolute  refractory  period."     The  excised  ventricle  was  kept  for  a 


Figure  6.  — One-half  the  original  aiie.  Tracing  from  the  lorloise  ventricle  after  being 
kept  isolated  in  moist  chamber  al  20°  C.  for  twenty-foor  hours.  Rhythm  started  by 
■irong  break  shock  at  b.  C,  ventricle  stimulated  with  very  strong  break  shocks  at  the 
beginning  oF  systole,  resulting  in  supeimaximal  beats. 

varying  number  of  days  in  the  moist  chamber  at  room  temperature 
(i8°-22°  C.)  or  in  the  ice  box  (at  a  temperature  of  about  s"  C),  and 
the  degree  of  systolic  excitability  tested  from  time  to  time.  The 
ventricles  kept  at  the  lower  temperature,  of  course,  retained  their 
irritability  and  contractility  the  longest.  The  longest  time  a  tortoise 
ventricle  retained  excitability  and  contractility  after  isolation  was 
six  days  (at  3'  C).  The  ventricle,  isolated  from  the  auricles,  does 
not  continue  in  rhythmic  activity.  It  is  therefore  necessary  to  resort 
to  contractions  artificially  produced.  A  series  of  induction  shocks 
of  uniform  intensity  was  usually  employed.  Isotonic  sodium  chloride 
was  also  made  use  of.  The  systolic  excitability  was  tested  on  the 
whole  ventricle  as  well  as  on  ventricular  strips.  Our  results  were 
as  follows:  (a)  The  single  induced  shock  of  an  intensity  that  fails  to 
produce  a  supermaximal  contraction  when  sent  through  the  fresh 
ventricle  at  the  beginning  of  systole  causes  a  supermaximal  contrac- 
tion in  a  heart  in  the  last  stages  of  dying  (Fig.  6).  This  is  also  true 
for  the  sodium  chloride  rhythm  of  the  heart  in  the  last  stages  of  dying, 
and  can  therefore  not  be  explained  by  the  staircase  phenomenon. 
The  excitability  of  the  dying  heart  at  the  beginning  of  systole  is 
further  shown  by  the  fact  of  summation,  two  induction  shocks  follow- 
ing one  another  within  a  shorter  interval  than  the  latent  period  of  the 
ventricle,  producing  a  greater  contraction  than  either  stimulus  sepa- 
rably. This  form  of  summation  cannot  be  accounted  for  by  the  phe- 
nomenon of  staircase  contractions,  unless   the  first  stimulus  is  too 
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weak  to  produce  any  contraction  at  all  by  itself,  which  was  not  the 
case  in  our  experiments.  In  the  case  of  ventricles  kept  for  two  or 
three  days  at  the  low  temperature  a  rhythmical  series  of  beats  could 
sometimes  be  started  by  sending  a  very  strong  induction  shock 
through  the  ventricle.  Supcrmaximal  beats  were  always  produced 
by  a  strong  break  shock  at  the  beginning  of  systole  of  this  rhythm. 
But  while  the  tortoise  ventricle  in  the  last  stages  of  dying  is  excitable 
at  the  beginning  of  systole,  the  excitability  is  lower  at  the  beginning 
of  systole  than  towards  the  end  of  diastole.  It  is  therefore  evident 
that  even  in  the  last  stages  of  dying  the  ventricular  tissue  or  tissues 
retain  the  property  of  systolic  refractory  state  in  the  sense  of  diminished 
excitability. 

(^)  In  the  last  stages  of  dying  the  excitability  of  tlje  tortoise  ventricle 
to  the  induced  current  is  greatly  diminished  if  not  entirely  abolished 
before  the  excitability  to  mechanical  and  chemical  stimulation  is  lost. 
Thus  frequently  the  strongest  induction  shock  available  (two  Edison- 
Lalande  cells,  type  "  S  "  in  circuit,  iioo  windings  of  the  secondary 
coil)  failed  to  produce  any  contraction,  while  mechanical  stimulation 
or  immersion  in  an  isotonic  sodium  chloride  solution  was  effective. 
This  might  suggest  that  the  heart  muscle  is,  even  under  normal  con- 
ditions, but  slightly  affected  by  the  induced  current,  but  because  of 
the  greater  excitability  of  the  nervous  tissues  in  the  heart  this  fact 
does  not  become  evident  till  the  latter  are  eliminated.  It  is  practi- 
cally certain,  however,  that  the  heart  muscle  itself  is  more  readily 
affected  by  all  stimuli  when  in  normal  condition  than  when  in  the 
last  stages  of  dying. 

(3)  It  has  been  shown  in  a  previous  paper  that  the  sodium  chloride 
rhythm  of  the  Limulus  heart  with  the  automatic  ganglion  extirpated 
is  idio-miiscular.  The  dorsal  or  superficial  nerve  plexus  takes  at 
least  no  part  in  this  rhythm,  although  the  rhythm  is  affected  by 
stimulation  of  this  nerve  plexus.  The  systolic  excitability  of  the 
Limulus  heart  muscle  in  sodium  chloride  rhythm  has  not  yet  been 
studied.  If  the  corresponding  rhythm  of  the  tortoise  ventricle  in 
Sodium  chloride  is  idio-muscular,  we  might  expect  a  diminution  or 
abolition  of  the  systolic  refractory  state  in  this  rhythm,  provided  the 
refractory  state  is  a  property  of  the  nervous  tissue  alone.  Numerous 
experiments  were  carried  out  with  strips  from  the  tortoise  ventricle 
to  test  this  hypothesis.  It  is  nearly  as  difficult  to  produce  a  super- 
maximal  beat  by  a  stimulus  at  the  beginning  of  systole  in  the  case  of 
the  fresh   ventricular  strip  brought   to  uniform   rhythm   by  sodium 
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chloride  as  in  the  case  of  the  intact  ventricle  beating  in  response  to 
the  impulse  from  the  auricles.  It  has  already  been  pointed  out  that 
when  the  ventricular  strips  are  in  the  last  stages  of  dying  they  react 
differently  to  systolic  stimulation  when  in  sodium  chloride  rhythm. 
The  fact  that  the  fresh  tortoise  strips  in  the  sodium  chloride  rhythm 
exhibit  practically  as  great  a  degree  of  systolic  refractory  state  as 
the  ventricle  in  normal  rhythm,  does  not  prove,  however,  that  the 
refractory  state  is  a  property  of  the  muscle  apart  from  the  nervous 
tissue,  as  the  sodium  chloride  rhythm  of  the  tortoise  ventricle  may 
involve  the  nervous  tissue,  just  as  it  does  in  the  Limulus  heart  when 
the  ganglion  is  intact. 

We  also  repealed  the  experiments  of  Rohde  and  Schultz  with  ihe 
effect  of  chloral  hydrate  on  the  refractory  state  of  the  tortoise  ventricle, 
obtaining  practically  the  same  result  as  these  observers.  A  systolic 
refractory  period  in  the  sense  of  diminished  excitability  is  in  evidence 
as  long  as  the  ventricle  retains  excitability  and  contractility. 

It  is  therefore  evident  that  the  question  whether  heart  muscle 
when  isolated  from  the  intrinsic  nervous  tissues  exhibits  the  property 
of  refractory  state  to  greater  degree  than  skeletal  and  smooth  muscle 
is  still  an  open  one,  since  the  facts  bearing  on  the  question  can  be 
interpreted  either  way.  In  Limulus  the  heart  ganglion  exhibits  the 
typical  refractory  period  of  heart  tissue,  and  as  this  is  a  characteristic 
of  at  least  many  ganglion  cells  in  the  central  nervous  system  of  verte- 
brates, it  is  probable  that  the  ganglion  cells  in  the  vertebrate  heart 
possess  a  systolic  refractory  state  similar  to  that  of  the  Limulus  heart 
ganglion. 

II.  The  Degree  of  Refractory  State  in  the  Heart  of 
Different  Animals,  and  in  the  Different  Parts  of  the 
Heart  of  the  Same  Animal. 

While  some  observers  have  held  that  the  refractory  period  in  the 
vertebrate  heart  is  a  condition  of  diminished  excitability  only,  and 
not  a  state  of  absolute  in  excitability,  roost  physiologists  employ  the 
term  "  refractory  period  "  in  the  latter  sense.  Thus  Howell's  student 
Schultz  speaks  of  the  "absolute  refractory  period  "  as  coincident  with 
the  time  of  systole  in  the  frog  and  tortoise  ventricle.  I  have  shown 
that  this  conception  of  the  refractory  state  is  not  tenable  for  any  part 
of  the  heart  of  the  hagfisb.  Supermaximal  beats  as  well  as  diminu- 
tion of  the  beats  are  produced  in  this  heart  by  strong  induction  shocks 
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at  the  very  beginning  of  systole.  In  the  hagfish  heart  the  refractory 
state  is  therefore  a  condition  of  reduced  excitability  only, 

I .  The  ventricles  of  higher  vertebrates  do  not  exhibit  tite  same  degret 
of  systolit  refractory  state.  —  In  the  case  of  the  suspended  and  empty 
ventricle  of  the  snapping  turtle  and  the  mud  turtle  I  have  not  suc- 
ceeded in  obtaining  supcrnftximal  beats  by  even  the  very  strongest 
induction  shocks  at  the  beginning  of  systole.  These  strong  induced 
shocks  produce,  however,  a  diminution  of  the  beat  without  necessarily 
producing  any  change  in  the  subsequent  rhythm  (Fig,  7  a).  It  is 
obvious  that  inhibition  of  a  phenomenon  is  just  as  much  an  evidence 
of  irritability  of  the  tissue  as  the  augmentation  of  it.  Hence,  when 
the  strong  induced  shock  sent  through  the  tortoise  ventricle  at  the 
very  beginning  of  a  normal  automatic  contraction  diminishes  the 
amplitude  of  that  contraction,  it  is  demonstrated  that  the  tortoise 
ventricle  responds  to  the  strong  induced  shock  at  the  beginning  of 
systole.  The  tortoise  ventricle  is  therefore  excitable  at  the  beginning 
of  systole,  and  the  refractory  state  in  this  ventricle  Is  only  a  condition 
of  greatly  diminished  excitability. 

The  empty  and  suspended  ventricle  of  the  frog,  toad,  and  salamander 
(nccturus)  differ  from  the  tortoise  ventricle  in  this  regard.  A  break 
or  make  shock  of  sufficient  intensity  never  fails  to  produce  a  super- 
maximal  beat  in  the  empty  and  suspended  ventricle  of  the  former 
animals  when  applied  at  the  beginning  of  the  beat  (Fig.  5).  The 
supermaximal  heat  may  or  may  not  be  accompanied  by  a  tonus  con- 
traction and  alteration  of  the  subsequent  rhythm.  But  the  fact  that 
the  supermaximal  beat  is  sometimes  obtained  without  any  demon- 
strable tonus  contraction  goes  to  show  that  it  is  not  produced  by 
addition  of  the  tonus  to  the  fundamental  contraction. 

The  fact  that  the  frog's  ventricle  responds  with  a  supermaximal 
beat  to  the  very  strong  induction  shock  at  the  beginning  of  systole 
prevented  us  from  using  the  frog's  heart  in  the  chloral  hydrate  experi- 
ments just  described.  We  found,  in  fact,  that  the  supermaximal  beat 
by  stimulation  at  the  beginning  of  systole  is  almost  as  readily  pro- 
duced in  the  normal  ventricle  as  in  the  ventricle  acted  on  by  chloral 
hydrate. 

A  certain  intensity  of  the  induced  shock  applied  at  the  beginnin; 
of  systole  may  diminish  the  strength  of  the  beat  of  the  amphibian 
ventricle  instead  of  augmenting  it,  but  the  augmentation  is  the  usual 
effect.  Either  phenomenon  demonstrates  the  excitability  of  the  ven- 
tricle to  the  induced  current  at  the  beginning  of  systole.     This  phe- 
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nomenon  of  inhibition  has  now  been  demonstrated  for  the  heart  of 
all  vertebrates  and  invertebrates  tested  in  this  regard,  and  is  there- 
fore probably  common  to  alt  hearts,^  The  mechanism  of  this  inhibi- 
tion is  obscure.  It  has  in  all  probability  nothing  in  common  with 
the  normal  inhibition  of  the  heart.  We  have  seen  that  the  inhibition 
is  obtained  in  the  tortoise  ventricle,  which  according  to  Gaskell  has 

A  7V^7YV7VVVVV/YVV/VVVVYVVZg 


Figure  7.  — ^.tracing  from  Ihe  isolated  ventricle  of  the  tortoise  (Cistudo).  Diminution 
of  the  beat  by  strong  induced  shocks  sent  through  the  ventricle  at  the  beginning  of 
systole.  B,  tracing  from  the  sinus  of  same  specimen  as  A.  Supermaximal  beat  by 
strong  induced  shock  at  (he  beginning  of  systole. 

no  inhibitory  nervous  mechanism.  The  same  is  true  of  the  heart  of 
many  invertebrates  in  which  inhibitory  nervous  mechanism  appears 
to  be  absent. 

2.  The  degree  of  refractory  slate  in  the  different  parts  of  tite  same 
heart. — The  refractory  state  is  usually  considered  to  be  a  common 
property  of  all  parts  of  the  heart.  If  there  is  any  causal  connection 
between  the  property  of  an  absolute  refractory  state  and  the  prop- 
erty of  automatism,  it  is  evident  that  the  sinus  venosus  in  cold- 
blooded vertebrates  and  the  mouth  of  the  great  veins  in  the  mammals 
roust  exhibit  an  absolute  refractory  condition  at  the  beginning  of  sys- 
tole, because  those  are  primarily  the  automatic  parts  of  the  heart. 
The  auricles  must  also  exhibit  this  absolute  refractory  state,  as  the 
auricles  are  invariably  more  automatic  than  the  ventricles. 

In  the  case  of  the  hagfish  heart  the  supermaximal  contraction  by 
stimulation  at  the  beginning  of  systole  is  more  readily  obtained  in  the 
auricle  than  in  the  ventricle.  It  is  therefore  evident  that  the  auricu- 
lar tissues  have  a  greater  excitability  and  contractility  at  the  begin- 
ning of  systole  than  the  ventricle,  although  the  latter  exhibits  less 
automatism  than  the  former. 

In  the  amphibians  (frog,  toad,  salamander)  and  reptiles  (snapping 
turtle,  mud  turtle)  examined  by  me  there  seems  to  be  no  appreciable 
difference  between  the  degree  of  systolic  refractory  condition  of  the 
'  Carlson  :  This  journal,  1906,  xvi,  p.  100. 
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ventridc  and  the  auricles.  Supermaximal  beats,  apart  from  tonus 
contractions,  are,  if  anything,  more  readily  produced  by  stimulation 
during  systole  in  the  auricles  than  in  the  ventricles.  In  the  case  of 
the  auricles  of  the  snapping  turtle,  however,  I  have  been  unable  to 
produce  supermaximal  beats  apart  from  tonus  contraction  by  stimu- 
lation at  the  beginning  of  systole.  This  stimulation  produces  dimi- 
nution of  the  contraction  just  as  in  the  ventricle  of  these  animals. 

The  sinus  venosus  of  the  amphibians  at  my  disposal  (frog,  toad, 
salamander)  is  small  and  delicate.  Isolation  from  the  auricles  and 
the  veins  for  accurate  graphic  record  of  the  rate  and  amplitude  of 
the  contractions  is  therefore  difficult  without  injury  to  the  sinus. 
My  observations  on  the  sinus  venosus  of  these  animals  were  therefore 
few  in  number  and  inconclusive  in  results.  The  sinus  of  the  large 
snapping  turtle  is  easily  isolated  and  strong  enough  for  the  ordinary 
graphic  method,  and  the  same  may  be  said  of  the  sinus  of  the  smaller 
mud  turtle.  Numerous  experiments  were  made  with  the  sinus  ve- 
nosus of  these  animals.  The  sinus  of  the  snapping  turtle  exhibits  on 
the  whole  the  same  degree  of  systolic  refractory  state  as  the  auricles 
and  the  ventricles  of  the  same  animal.  That  is  to  say,  even  the  very 
strongest  induced  shock  at  the  beginning  of  systole  fails  to  produce 
a  supermaximal  beat  unaccompanied  by  tonus  contraction.  But  this 
stimulation  may  diminish  the  strength  of  that  beat  just  as  in  the  other 
parts  of  the  heart  (Fig.  9).  The  sinus  of  Cistudo  exhibits  a  differ- 
ent response  to  stimulation  during  systole.  Even  moderately  strong 
induced  shocks  sent  through  this  sinus  at  the  beginning  of  systole 
produce  a  supermaximal  beat  not  accompanied  by  tonus  contraction 
(Figs.  7,  8).  A  stronger  induction  shock  produces  in  addition  to  the 
supermaximal  fundamental  beat  a  tonus  contraction  lasting  for  many 
minutes.  But  even  in  this  case  the  supermaximal  beat  is  not  the  re- 
sult of  the  addition  of  the  tonus  to  the  normal  fundamental  contraction, 
because  the  added  amplitude  is  greater  than  the  tonus  contraction, 
even  at  the  end  of  the  subsequent  diastole,  and  the  tonus  contrac- 
tion reaches  its  maximum  only  after  the  lapse  of  minutes.  Bottam 
describes  numerous  smooth  muscle  cells  among  the  striated  heart  cells 
of  the  tortoise  auricles,  and  is  inclined  to  believe  that  the  tonus  con- 
tractions of  the  auricles  are  due  to  the  contraction  of  this  smooth 
muscular  tissue  while  the  fundamental  beat  involves  the  striated  cells 
only.'  In  case  the  same  anatomical  conditions  obtain  in  the  sinus 
it  is  obvious  that  if  the  supermaximal  beats  produced  by  stimulation 
'  BoTTAZZl:  Zeitschnft  fiir  allgemeiiie  Physiologie,  1906,  vi,  p.    140. 
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at  the  beginning  of  systole  were  always  accompanied  by  tonus  con- 
tractions the  systolic  excitability  of  the  tissues  concerned  in  the  fun- 
damental beat  would  not  be  proved,  for  the  supermaximal  beat  might 
be  simply  the  addition  of  the  tonus  (smooth  muscle)  to  the  funda- 


a  b 

FiGURS  8.— Tracing  from  the  sinus  of  Cist udo,  showing  supermaximal  beats  following 
stimnlllion  wilh  strong  induced  shoiJts  at  the  beginning  of  syslole.  The  stronger 
shock  (*)  produces  also  a  slight  tonus  contraction. 

mental  contraction  (striated  muscle).  In  this  tortoise  we  have,  there- 
fore, the  case  of  a  vertebrate  Iteart  exhibiting  a  less  degree  of  systolic 
refractory  state  in  the  automatic  part  {sinits'ytkait  in  the  non-automatic 
part  (ventricle). 

3.  Is  there  any  causal  connection  between  the  property  of  refractory 
state  and  the  property  of  automatism  in  the  heatt  ?  —  The  property  of 


FicugE  9._About  one-half  the  original  size.  Tracing  from  the  sinus  uf  the  snapping 
tunle.  SLiowing  diminution  of  the  fundamental  contraction  (and  tonus)  by  the  strong 
induced  shock  at  the  beginning  of  systole. 

refractory  state,  in  the  heart  is  believed  by  some  physiologists  cau- 
sally connected  with  the  property  of  automatism.^  If  we  conceive  of 
ihe  stimulus  to  the  heart  rhythm  to  be  some  chemical  substance  ever 
present  in  the  active  tissues,  it  is  plain  that  the  systolic  refractory 
state  of  the  automatic  tissue  would  result  in  periodic  response  to  this 
constant  stimulus.  Admitting  for  the  sake  of  argument  that  the  sys- 
tolic refractory  state  is  absolute  and  that  the  stimulus  lo  the  heart 
rhyihm  is  some  chemical  ever  present  in  the  tissues,  it  is  obvious 
that  the  normal  maximal  intensity  of  that  stimulus  fails  to  affect  the 
heart  during  a  greater  part  of  diastole,  a  period  in  which  it  is  admitted 
by  all  that  the  heart  tissues  are  excitable  to  direct  stimulation.  This 
fact  shows  that  the  time  of  action  of  this  stimulus  does  not  coincide 
with  the  absolute  return  of  excitability  of  the  heart  tissues,  Tiie 
'  Howell  :  The  journal  of  the  American  Medical  Association,  1906,  Uvi,  Nos. 
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stimulus  is  able  to  effect  a  response  only  when  the  excitability  of  the 
heart  tissues  has  reached  their  maximum.  Hence  a  refractory  state 
in  the  sense  of  diminished  excitability  would  just  as  surely  result  in 
rhythmic  activity  as  a  systolic  refractory  state  of  absolute  inexcitabil- 
ity.  Thus  we  see  that  even  on  the  above  assumptions  an  absolute 
refractory  state  of  the  automatic  tissues  of  the  heart  is  by  no  means 
a  sine  qua  non  for  the  rhythm. 

It  is  furthermore  obvious  that  if  the  heart  muscle  is  not  the  auto- 
matic tissue  in  the  heart,  we  can  account  for  the  heart  rhythm  even  if 
ihe  automatic  tissue  exhibits  no  variation  in  excitability  during  the 
different  phases  of  the  heart  beat  and  is  being  stimulated  continu- 
ously by  our  hypothetical  chemical  substance.  If,  for  example,  the 
heart  muscle  possesses  a  systolic  refractory  state  but  no  automa- 
tism, that  is,  the  contractions  are  the  result  of  impulses  reaching  it 
from  the  nervous  tissues,  we  can  conceive  of  this  nervous  tissue  send- 
ing a  continuous  impulse  to  the  muscle  perhaps  in  a  way  analogous 
to  the  activity  of  the  motor  neurons  resulting  in  the  tonus  of  skeletal 
muscle,  but  these  impulses  would  be  effective  only  at  the  point  of 
return  of  the  heart  muscle  to  a  certain  degree  of  excitability.  This 
rhythm  would  not  be  distinguishable  from  a  rhythm  due  to  the  automa- 
tism of  the  heart  muscle  itself.  Yet  the  automatic  tissue  may  not 
suffer  any  more  demonstrable  changes  in  excitability  than  is  exhib- 
ited by  a  nerve  fibre  after  stimulation.  But  aside  from  all  theo- 
retical considerations,  is  the  above  view  tenable  on  the  basis  of  facts  ? 
The  following  considerations  seem  to  make  the  theory  untenable  : 

(i)  The propcity  of  refractory  state  is  exhibited  by  tissues  that  do  not 
have  the  property  of  automatism  under  normal  conditions.  —  The  ven- 
tricle of  the  turtle  is  not  automatic,  although  automatism  is  induced 
in  it  by  many  artificial  conditions ;  yet  all  parts  of  the  turtle's  ventricle 
exhibit  a  systolic  refractory  state  as  absolute  as  that  of  the  automatic 
parts  of  the  heart  or  that  of  the  automatic  parts  of  the  heart  of  any 
other  vertebrate.  The  Bernstein  experiment  shows  that  the  Spex  of 
the  frog's  ventricle  is  not  normally  automatic,  yet  the  degree  of  sys- 
tolic refractory  state  is  just  as  marked,  if  not  more  so,  in  the  ven- 
tricular apex  as  in  the  auricles ;  and  if  we  look  for  instances  in  support 
of  the  above  thesis  outside  of  the  tissues  of  the  heart,  we  find  such  in 
the  motor  cells  of  the  central  nervous  system  and  in  the  tissues  of  the 
small  intestines  (mammal).  The  observations  of  Horslcy  and  Schafer 
and  Richct  go  to  show  that  the  refractory  period  of  the  pyramidal 
cells  of  the  cerebral  cortex  and  of  the  motor  cells  in  the  cord  may  be 
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as  great  as  one-tenth  to  one-twelfth  of  a  second.  This  length  of  refrac- 
tory period  is  exhibited  by  the  nerve  cells  in  response  to  the  norma!  or 
physiological  stimulus.  Whether  the  refractory  state  of  the  nerve 
cells  is  absolute  or  only  relative  will  probably  remain  an  open  question 
forever,  because  it  is  not  possible  to  stimulate  the  cells  directly  with 
a  very  strong  induction  shock  without  at  the  same  time  stimulating 
the  motor  fibres  leading  from  the  cells.  No  physiologist  will  contend, 
I  opine,  that  the  pyramidal  cells  of  the  motor  areas  or  the  motor  ele- 
ments of  the  cord  in  connection  with  the  skeletal  muscles  are  in  auto- 
matic activity  under  normal  conditions  of  life. 

The  case  of  the  mammalian  intestines  argues  to  the  same  effect. 
Magnus  has  shown  that  the  cat's  intestine  exhibits  a  condition  of 
refractory  state  at  the  beginning  of  a  spontaneous  contraction.  This 
fact  has  been  denied  by  Schultz,  again  reiterated  by  Magnus,  and,  at 
least  in  part,  confirmed  by  Bottazzi.^  The  work  of  Bayliss  and  Star- 
ling and  especially  Magnus  has  demonstrated  that  none  of  the  forms 
of  periodic  activity  of  the  intestines  are  due  to  muscular  automatism. 
The  peristalsis,  at  least,  is  a  complex  reflex.  The  same  is  probably 
true  of  the  so-called  "pendulum  movements."  It  would  seem  safe 
to  assume  that  the  intestinal  musculature  as  well  as  the  intrinsic 
motor  nerves  possess  direct  excitability.  Nevertheless  the  entire  organ 
exhibits  a  refractory  state  at  the  beginning  of  an  automatic  contraction. 

The  nerve  plexus  and  heart  muscle  of  Limulus  are  not  automatic, 
yet  as  long  as  they  are  in  physiological  connection  with  the  automatic 
ganglia,  they  exhibit  systolic  refractory  state  in  the  sense  of  reduced 
excitability.  . 

(2)  Some  tissues  that  are  normally  automatic  do  not  exhibit  an  abso- 
lutely refractory  state,  but  only  a  condition  of  greatly  diminished  excita- 
bility. —  {a)  The  hearts  of  all  invertebrates  are  automatic.  But  a 
sufficiently  strong  stimulus  is  effective  in  the  invertebrate  heart  at  the 
very  beginning  of  systole.  This  fact,  however,  does  not  prove  that 
the  automatic  tissue  of  the  invertebrate  heart  is  devoid  of  an  abso- 
lutely refractory  state,  because  the  supermaximal  contraction  produced 
by  the  stimulus  at  the  beginning  of  systole  may  be  due  to  direct 
stimulation  of  the  non-automatic  heart  muscle,  while  the  automatic 
heart  ganglia  remain  unaffected.  Fortunately  this  objection  can  be 
disproven  by  the  Limulus  heart.  In  this  heart  the  ganglion  is  the 
automatic  tissue,  and  we  have  seen  that  the  refractory  period  of  this 
ganglion  is  a  state  of  diminished  excitability  only. 

'  For  the  literature  see  Bottazzi  :  Archiv  fiir  die  gesammte  Pbysiologie,  1906, 
cxiii.  p,  136. 
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(d')  The  same  is  true  of  the  sinus  vcnosus  of  the  mud  turtle,  as 
already  pointed  out,  and  will  in  all  likelihood  be  found  to  be  true  for 
the  automatic  end  of  the  heart  of  other  vertebrates.  The  excitability 
of  this  sinus  at  the  beginning  of  systole  is  not  due  to  stimulation  of 
the  smooth  or  supposedly  non-automatic  muscle  cells  of  the  sinus 
walls. 

(c)  The  tonus  rhythm  of  the  tortoise  auricles  does  not  exhibit  an 
absolute  refractory  period  in  the  systolic  phase.^  The  mechanism  of 
the  normal  heart  tonus  is  as  yet  largely  a  matter  of  conjecture.  The 
Ltmulus  heart  seems  to  show  that  the  motor  nerve-centres  in  the 
heart  have  the  same  relation  to  the  normal  tonus  of  the  heart  muscle 
as  has  the  central  nervous  system  to  the  normal  tonus  of  skeletal 
muscle.  On  the  side  of  contraction  the  tonus  in  the  heart  may  in- 
volve the  muscle  cells  concerned  in  the  fundamental  beat,  or  only 
the  smooth  muscle  cells  scattered  throughout  the  heart,  as  suggested 
by  Bottazzi.  In  either  case.  Porter's  observation  modifies  the  com- 
mon conception  of  the  refractory  state,  at  least  as  regards  the  tor- 
toise heart,  a  fact  that  appears  tn  be  overlooked  by  Howell  and 
Schultz. 

(3)  fit  the  same  heatt  the  parts  possessing  the  greatest  degree  of 
automatism  may  exhibit  a  less  degree  of  refractoty  state  than  the  part 
of  the  heart  not  automatic,  as  shown  by  the  heart  of  the  mud  turtle 
already  described. 

'  Porter:  This  journal,  1905,  xvi,  p,  1. 
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A  CONTRIBUTION    TO  THE  CHEMISTRY  OF   CELL 
DIVISION,   MATURATION,   AND   FERTILIZATION. 

By   A.  P.  -MATHEWS. 

[From  the  M.irint  BhUgUal  Uberalery,  Woods  Noll.  AAiti.'] 

Introduction. 

THIS  paper  contains  the  results  of  experiments  upon  the  eggs  of 
the  starfish,  Asterias  Forbcsii,^  and  of  the  sea-urchin,  Arbacia 
punctiilata,  to  determine  something  of  the  nature  of  the  cTiemical 
processes  involved  in  mitotic  cell  division.  The  work  was  done  at 
Woods  Hoi!,  in  1905,  in  the  latter  part  of  August  and  early  Sep- 
tember, when  the  starfish  eggs  are  at  their  best. 

While  the  morphology  of  mitosis  has  now  been  very  carefully 
studied,  very  little  is  known  concerning  the  chemical  processes  which 
furnish  the  energy  for  these  complex  movements.  Changes  in  ihe 
amount  and  staining  reaction  of  the  chromatin  during  cell  division 
early  attracted  attencion  and  have  been  studied  by  many  investi- 
gators, of  whom  particular  mention  may  be  made  of  Lillienfeld^  and 
Heine.*  These  authors  drew  the  conclusion,  now  widely  accepted, 
that  during  mitosis  the  chromatin  split  into  an  albuminous  sub- 
stance and  into  a  salt  of  nucleinic  acid.  The  latter  subslance  formed 
the  chromosomes;  the  fate  of  the  former  was  undetermined.  It  is 
also  known  that  chemical  changes  occur  in  the  cytoplasm  coincident 
with  these  changes  in  the  chromatin,  since  the  cytoplasm  undergoes 
at  that  time  marked  alteration  in  its  staining  reaction,  physiological 
properties,  and  physical  appearance.  The  nuclear  wall  appears  to  be 
dissolved  or  digested,  and  the  astral  figures  make  their  appearance. 
The  latter,  in  many  instances  at  any  rate,  consist  of  a  kind  of  cyto- 
plasm different  from  that  formerly  present,  if  we  may  rely  upon  the 
different  affinity  for  stains  it  shows.     Nothing,  however,  is  known 

'  Or  Asterias  vulgaris. 

'  LrLLiENFELD ;  Archiv  fiir  (Anatomic  und)  Physiologic,  1893,  p.  395. 

'  Heine  ;  Zciischrift  fiir  physiolojiische  Clicmic,  1896,  xxi,  p.  494. 
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concerning  the  nature  of  the  chemical  changes  involved  in  its  pro- 
duction. It  is  in  fact  still  uncertain  whether  the  astral  figure  and 
the  spindle  are  more  or  less  viscid  than  the  surrounding  protoplasm, 
although  the  observations  of  Foot  and  Strobcll '  to  the  effect  that  the 
spindle  preserves  its  form  after  flowing  out  of  punctured  eggs  of 
Allolobophora  foetida  would  indicate  that  it  was  coherent  or  jelly- 
like. It  is  not  possible  to  say  with  certainty  whether  the  act  of  mitosis 
is  accompanied  by  an  act  of  clotting  of  the  cytoplasm  or  not,  although 
the  evidence  is  perhaps  in  favor  of  such  a  conclusion.  R.  Lillie  has 
tentatively  suggested  that  at  the  astral  centres  and  chromatin 
hydrogen  ions  arc  set  free  by  some  auto-digestive  process  and  by 
their  diffusion  produce  the  astral  figure,  but  it  cannot  be  said  that 
there  is  as  yet  much  evidence  of  this. 

The  first  clear  physiological  evidence  of  the  chemical  nature  of  the 
processes  involved  is  found  in  the  work  of  De  Moor*  on  the  dividing 
cells  of  the  stamen  hairs  of  Tradescantia.  He  found  that  in  the 
absence  of  oxygen  these  cells  could  not  complete  their  division.  If 
a  cell  was  dividing  when  placed  in  an  atmosphere  of  hydrogen,  it 
went  through  the  division  but  came  to  rest  without  the  formation 
of  cell  wall.  This  observation  indicated  that  free  oxygen  was  one 
of  the  essentials  of  mitosis,  but  it  did  not  conclusively  show  at  what 
stage  it  was  necessary.  Loeb,^  by  similar  observations  on  animal 
cells,  found  that  free  oxygen  was  necessary  for  the  division  of  certain 
echinoderm  eggs  and  eggs  of  the  fish  Ctenolabrus,  but  that  it  was 
not  necessary  for  many  divisions  of  the  eggs  of  the  minnow,  Fundulus 
heteroclitus.  In  Ctenolabrus  not  only  was  eel!  division  prevented, 
but  the  blastomeres  already  formed  in  some  cases  re-fused  in  the 
absence  of  oxygen. 

The  dependence  of  mitosis  upon  oxygen  was  more  carefully  ex- 
amined by  Lyon,*  who  found  that  oxygen  was  more  necessary  at 
certain  definite  periods  of  the  process  of  fertilization.  For  the  eggs 
of  the  sea-urchin,  Arbacia  punctulata,  he  showed  that  if  the  eggs 
after  fertilization  were  placed  in  sea  water  deprived  of  oxygen  the 
division  came  to  a  stop.  On  removing  the  eggs  to  oxygenated  sea 
water  after  several  hours'  immersion  in  the  oxygen-free  water,  the 
division  in  some  cases  recommenced  and  proceeded  normally,  while 

'  Foot  and  Strobell  ;  American  journal  of  anatomy,  1905.  iv,  199. 

*  De  -Moor  :   Archives  de  biologic,  1895,  xiii,  163. 

'  LOEH;  .Archiv  fiir  die  pesaminte  Physiologic,  1S9S,  Ixii,  p.  249. 

*  Lyon  ;  American  journal  of  physiology,  vii,  1902.  p.  56. 
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in  other  cases  the  eggs  did  not  recover.  On  further  investigation 
it  developed  that  if  the  eggs  were  placed  in  hydrogen  about  the  time 
of  the  first  cleavage  they  never  recovered.  Exactly  the  same  phe- 
nomenon was  discovered  for  their  susceptibility  to  sea  water  con- 
taining potassium  cyanide.  About  the  time  of  the  first  division  they 
were  highly  susceptible.  Lyon  was  uncertain  of  the  exact  period 
at  which  they  were  susceptible,  but  thought  it  immediately  after  cell 
segmentation.  Spaulding,*  however,  working  with  ether  and  hydro- 
chloric acid,  came  to  the  conclusion  that  maximum  susceptibility  was 
just  before  or  during  segmentation,  and  this  conclusion  I  have 
recently  confirmed.^  As  ether,  acids,  and  cyanides  ail  interfere  pri- 
marily with  cell  respiration,  these  results  all  show  that  about  the 
period  of  first  segmentation,  when  the  aster  is  growing  with  its 
greatest  rapidity  and  the  nuclear  wall  dissolving,  any  agent  which 
interferes  with  cell  respiration  is  peculiarly  fatal  to  Arbacia  eggs. 
The  significance  of  this  fact  will  appear  later.  Lyon'  in  a  subse- 
quent paper  studied  the  production  of  carbonic  dioxide  by  these  eggs 
during  fertilization,  and  succeeded  in  showing  that  carbon  dioxide  was 
not  produced  evenly  throughout  the  process,  but  that  coincident  with 
the  entrance  of  the  sperm  and  about  the  time  of  the  first  segmenta- 
tion there  was  a  marked  increase  in  its  production.* 

These  facts,  which  so  clearly  pointed  to  the  conclusion  that  mitosis 
was  accompanied,  if  not  caused,  by  modifications  in  the  respiratory 
activity  of  the  egg,  were  the  starting-point  of  this  investigation  in 
which  I  have  tried  to  discover  whether  these  respiratory  changes  had 
any  causal  relation  with  cell  division.  I  hoped  to  get  some  evidence, 
also,  of  the  cause  of  the  differences  of  electrical  potential  assumed  to 
exist  in  the  egg  and  to  cause  cell  division  by  R.  Lillle,  Spaulding, 
and  Hartog. 

The  Theory  of  Respiration. 

The  wori(  of  many  authors  on  the  nature  of  respiration  has  led  to 
certain  general  conclusions  which  I  have  embodied  in  my  paper^  on 
the  theory  of  cell  respiration.     That  theory  is  a  modification  of  the 

*  Spauloixg:   Rioloirical  bulletin,  1903,  vi,  p.  97. 

*  .Mathews:  Ibid.,  1906,  xi,  137. 

*  Lyon  ;   American  journal  of  physiology,  1904,  xi,  p.  s^. 

*  LvoN  :  Loc.  cil.,  p.  57,  says  that  one  would  infer  that  the  energy  for  cell 
division  comes  from  fermentative  rather  than  oxidative  processes. 

"  Mathews:  ISioIogical  bulletin,  1905,  viii,  p.  331. 
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earlier  theory  of  Hoppe-Seyler  based  chiefly  upon  the  work  of  Nef. 
The  general  conclusion  of  all  the  work  on  respiration  is  to  the  effect 
that  respiration  is  probably  due  to  at  least  three  distinct  factors: 
First,  to  a  strong  reducing  substance,  which  must  be  constantly  pro- 
duced by  cell  metabolism.  This  substance  is  in  all  likelihood  a  carbon 
compound,  and  has  the  power,  possibly  by  setting  free  two  of  the 
valencies  of  a  carbon  atom,  of  attacking  water,  oxidizing  itself  and 
setting  free  nascent  hydrogen.  What  this  substance  is,  where  it 
is  located,  and  whether  there  is  one  or  several  such  substances  is 
unknown,  except  that  it  is  probably  produced  by,  and  exists  primarily 
in,  the  region  of  the  nucleus,  which,  as  is  well  known,  generally  lies 
in  the  most  strongly  reducing  part  of  the  ceil.  Second,  to  the  cell 
oxidases.  The  manner  of  action  of  these  substances  and  their  com- 
position is  still  uncertain,  but  there  is  no  doubt  that  there  exist 
in  cells  substances  whose  presence  enormously  hastens  the  action 
of  atmospheric  oxygen  on  the  cell  contents.  These  oxidases  are  also 
probably  formed  by,  or  are  a  constituent  of,  the  cell  chromatin,  since 
the  observations  of  Spitzer,'  Lillie,^  and  Croftan.^  among  others,  indi- 
cate that  they  accompany  the  cell  chromatin  in  its  chemical  separa- 
tion, Croftan's  observations,  particularly,  seem  to  show  that  one  at 
least  of  these  oxidases  consists  of  nucleinic  acid  in  combination  with 
an  albumose.  And  ihlrd,  to  atmosptieric  oxygen.  If  cell  division  is 
at  its  basis  a  respiratory  process,  we  have  to  look  for  and  locate  in 
the  cell  the  first  two  factors  and  demonstrate  (he  importance  of  the 
third. 

The  mitoses  chosen  for  study  were  the  maturation  mitoses  and 
subsequent  phenomena  of  the  starfish  egg,  and  the  first  segmenta- 
tion of  the  starfish  and  sea-urchin  egg. 

The  Chemical  Processes  Involved  in  the  Matuhatjon  of 

THE    STAKKtSH    EgG.* 

The  living,  ovarian  eggs  of  the  starfish  when  fully  developed  con- 
sist of  a  clear,  viscid  protoplasm  containing  a  multitude  of  partially 
transparent, granules  and  at  one  pole  a  very  large  germinal  vesicle 

'  Spitzer:  Arcliiv  fiir  die  gesammte  Plivsiologie,  189;,  Ix,  p.  303;  Ibid ,  1897, 
lxvii,p.6lS. 

'  LiLLiE :  American  journal  of  physiology,  1902,  vii,  p.  412. 
'  *  Croftan  :   Medical  record,  New  York,  1903,  Ixiv,  p.  9. 

'  For  a  cieseription  of  ilie  morpliol optical  processes  see  the  paper  by  Wilson 
and  Mathkvvs  :  The  journal  of  morphology,  1904,  x,  p.  319. 
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with  a  large  nucleolus.  The  eggs  do  not,  as  a  rule  at  any  rate,  mat- 
urate in  the  ovary,  but  only  after  shedding  into  the  sea  water.  As 
soon  as  the  eggs  are  shed  they  become  a  little  more  opaque,  and  if 
thoroughly  ripe,  the  germinal  vesicle  wall  becomes  irregular  and 
disappears  in  the  course  of  ten  minutes.  The  nuclear  sap  then  mixes 
with  the  cytoplasm;  the  nucleolus  dissolves  and  disappears;  the 
chromatin  dissolves  for  the  most  part;  the  maturation  spindles  are 
formed,  containing  a  small  part  of  the  chromatin;  and  two  polar 
bodies  arc  extruded.  The  whole  process  to  this  point  takes  between 
two  and  three  hours.  The  nucleus  then  re-forms  at  first  as  a  little 
group  of  vesicles,  but  later  these  fuse,  and  the  nucleus  grows  greatly 
in  size  and  moves  toward  the  centre  of  the  egg.  For  the  next  three 
or  four  hours  it  continues  to  increase  in  size  until  its  diameter  may 
become  more  than  half  that  of  the  germinal  vesicle.  Throughout  this 
period  the  cell  protoplasm  remains  clear  and  transparent,  but  about 
eight  or  twelve  hours  after  the  maturation  has  begun,  the  cytoplasm 
becomes  more  and  more  opaque,  and  if  not  disturbed  it  is  finally  con- 
verted into  a  coarsely  granular,  opaque,  and  dead  mass. 

The  essence  of  the  process  of  maturation  consists  morphologically, 
as  pointed  out  by  Delage,^  in  the  discharge  into  the  cell  cytoplasm  of 
the  whole  of  the  nuclear  sap,  the  greater  part  of  the  chromatic  network 
and  the  dissolved  nucleolus,  and  the  formation  of  the  small  maturation 
spindles.  At  maturation,  therefore,  two  portions  of  the  egg,  i.  e.,  nu- 
cleus and  cytoplasm,  which  have  formerly  been  held  separate,  are 
intermingled.  All  that  happens  to  the  unfertilized  egg  thereafter  — 
its  division,  its  early  death,  its  growing  opacity  and  wholly  changed 
physiological  potentialities  —  ma,y  be  ascribed  to  this  admixture. 

The  early  death  and  opacity  of  the  egg  after  maturation  occurs 
only  if  the  egg  be  not  fertilized  or  if  the  cell  be  left  undisturbed. 
It  may  be  wholly  prevented  by  the  entrance  of  the  sperm,  or  by  the 
various  means  producing  artificial  parthenogenesis.  The  early  death 
of  the  maturated,  unfertilized  egg  is  in  striking  contrast  to  the  fate 
of  the  eggs  of  which  the  germinal  vesicle  remains  intact,  and  no  ad- 
mixture of  nuclear  and  cytoplasmic  matter  takes  place.  Such  eggs 
remain  clear,  transparent,  and  living  for  two  or  more  days. 

The  first  questions  to  be  answered  are,  what  causes  normally  the 
dissolution  of  the  nuclear  membrane,  and  thus  inaugurates  the  process 
of  maturation  by  mixing  cytoplasm  and  nuclear  contents?  and  what 
change  in  the  egg  is  produced  by  its  maturation,  which  leads  to  its 
early  death? 

'  Delagr:  Archives  tie  zoologie  expdrimentale  et  gtfntJrale,  rgoi,  ix,  p.  285. 
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As  regards  the  answer  to  the  first  question,  my  results  and  conclu- 
sions confirm  those  of  Loeb  •  on  the  same  object.  The  cause  ot  ihe 
beginning  of  the  process  of  maturation  is  to  be  found  primarily  in 
the  presence  of  free  oxygen  in  the  sea  water.  If  eggs  are  shed  Into 
water  deprived  of  its  oxygen,  they  will  not  mature.  However,  hy- 
droxy! ions  in  any  numbers  are  not  necessary,  as  Loeb  suggests,  since 
eggs  will  mature  in  pure  solutions  of  calcium  chloride  of  |  mol  con- 
centration. I  attempted,  however,  to  cause  maturation  in  the  ovary 
by  exposing  this  to  oxygen  directly,  but  without  success.  This 
negative  result,  however,  I  do  not  regard  as  conclusive,  owing  to  the 
fact  that  it  was  tried  early  in  the  summer  at  a  time  when  the  ovaries 
were  not  in  very  good  condition.  There  is,  however,  no  doubt  that 
free  oxygen  is  essential  to  the  beginning  of  normal  maturation,  and 
that  the  first  visible  sign  of  maturation  consists  in  the  disappearance 
of  the  membrane  of  the  germinal  vesicle  at  a  point  where  it  comes 
nearest  to  the  surface  of  the  egg.  It  may  be  recalled  in  this  con- 
nection that  mechanical  shock  is  able  to  inaugurate  maturation  in 
eggs  which  normally  do  not  maturate,  and  that  such  eggs  show  on 
section  ruptured  germinal  vesicles,' 

Does  an  Oxidase  escape  from  the  Nucleus  on  the 
Dissolution  of  the  Nuclear  Membrane  .' 

We  come  now  to  the  second  question  as  to  the  nature  of  the 
changes  produced  in  the  cytoplasm  by  the  admixture  of  nuclear  mate- 
rial, —  a  change  which  leads  to  the  early  death  of  the  egg,  if  the  latter 
is  not  fertilized,  and  which  so  totally  changes  the  potentiality  of  the 
cytoplasm.  That  the  cytoplasm  after  maturation  does  differ  markedly 
from  that  existing  before  fertilization  is  shown  by  its  behavior.  It 
acquires  the  power  of  forming  a  fertilization  membrane;  under  suit- 
able conditions  it  can  generate  asters;  it  becomes  capable  of  cell 
division;  and,  if  left  alone,  it  rapidly  dies. 

The  early  death  of  the  egg  after  maturation  was  studied  and  de- 
scribed by  Loeb,'  but  he  undertook  no  experiments  to  determine  iis 
cause  or  nature.     He  says,  however; '  "  I  can  only  suggest  that  the 

'  Loijb:  Hiological  bulletin,  IQ02,  iii,  p.  295;  Arcliiv  fiir  die  ges.immte  Phyw 
ologie,  1902,  xciii,  pp.  59-76;  also  The  dynamics  of  living  matter.  In  his  last 
statement  Loiiii  lays  more  stress  on  the  oxidation  phenomena,  but  suggests  ihii 
certain  splitting  phenomena  are  favored  by  it. 

"  MOKGAN'i  Anatomische  Anzeiger,  1.S94,  Ix,  150. 

'  LoEIi;   Biological  bulletin,  [902,  iil,  p.  306. 

*  Loc.  cit.,  p.  306. 
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processes  underlying  maturation  are  at  least  in  some  form  of  a  de- 
structive nature,  one  might  think  of  autolylic  processes,  which  the  egg 
cannot  withstand  for  an  indefinite  length  of  time  without  dying.'' 
He  conceived  that  the  spermatozoon  saved  the  life  of  the  egg  by  ac- 
celerating'a"  series  of  chemical  changes,  syntheses,  in  the  egg  which 
do  not  occur  sufficiently  rapidly  without  spermatic,  chemical,  or  os- 
motic fertilization,"  Again  he  says :  "  The  chemical  processes  under- 
lying maturation  are  not  identical  with  those  which  bring  about 
fertilization."  Delage  also  is  uncertain  of  the  nature  of  the  processes 
involved,  and  makes  only  the  very  broad  suggestion  that  possibly  fer- 
ments have  something  to  do  with  it.  Delage  did,  however,  clearly 
recognize  the  fundamental  fact  of  the  importance  of  the  admixture  of 
nuclear  and  cytoplasmic  substance. 

I  first  tried  to  discover  whether  oxygen  had  anything  to  do  with 
the  early  death  of  the  egg.  This  is  shown  conclusively  and  very 
simply  to  be  the  case  if  the  eggs  after  maturing  arc  brought  into 
water  freed  from  its  oxygen  by  hydrogen,  or  if  they  are  left  in  a  dense 
mass  at  the  bottom  of  a  dish  so  that  the  underlying  eggs  are  deprived 
of  their  oxygen.  Eggs  so  treated  do  not  become  opaque  for  twenty 
hours,  or  even  longer,  but  remain  clear  and,  so  far  as  can  be  judged, 
alive.  For  example,  a  tot  of  eggs  were  shed  into  sea  water  at  9  a.  m. 
At  9.30  nearly  all  had  begun  to  mature.  At  10.10  I  transferred  one 
portion  to  sea  water  through  which  a  stream  of  hydrogen  gas  was 
passing.  At  2  and  4  p.  m,  some  of  the  eggs  were  retransferred  from 
the  hydrogen  to  fresh  sea  water.  The  remainder  were  left  in  the 
hydrogen  for  twenty-four  hours.  When  examined  at  the  end  of  this 
time,  all  eggs  which  had  been  transferred  to  oxygenated  water 
were  found  dead  and  opaque.  The  eggs  which  had  remained  in  the 
hydrogen,  on  the  contrary,  although  mature,  were  perfectly  normal  in 
appearance.  The  cytoplasm  was  clear,  fertilization  membranes  were 
out,  the  nuclei  had  re-formed.  On  transferring  these  eggs  to  fresh  sea 
water  a  few  became  swollen  in  one  hour ;  the  remainder  retained  their 
living  appearance  for  nearly  three  hours  and  then  became  opaque. 

The  foregoing  experiment  shows  that  the  early  death  of  the  egg 
after  maturation  occurs  only  if  free  oxygen  is  present.  It  may  be 
concluded,  then,  that  death  is  brought  about  in  this  case  by  an  oxida- 
tion of  the  cell  cytoplasm,  and  that  this  takes  place  much  more 
rapidly  after  the  germinal  vesicle  contents  have  been  discharged  into 
the  cytoplasm  than  before,  since  if  the  nuclear  wall  remains  intact 
the  egg  does  not  become  opaque  even  in   the  presence  of  oxygen. 
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There  can  be  no  doubt,  1  think,  from  these  experiments,  that  at 
maturation  a  substance  which  greatly  hastens  the  action  of  atmos- 
pheric oxygen  upon  the  ceil  cytoplasm  is  poured  into  the  cytoplasm 
from  the  nucleus,  or  at  any  rate  becomes  active  in  the  cytoplasm  as 
a  result  of  such  an  admixture.  A  substance  which  thus  'facilitates 
oxidation  is  called  an  oxidase.  Inasmuch  as  no  means  are  known  of 
producing  such  a  change  in  the  cytoplasm  in  the  absence  of  nuclear 
admixture,  I  believe  the  most  probable  conclusion  is  that  at  matura- 
tion an  oxidase  escapes  from  the  niicleiis  aiid  spreads  throughout  the  egg 
cytoplasm,  and  this  oxidase,  in  the  presence  of  oxygen,  leads,  if  its  action 
is  not  checked,  to  the  death  of  the  egg. 

Is  THE  Oxidase  thus  throwx  into  the  Cytoplasm  one  of 
THE  Factors  in  the  Production  of  the  Astral  Figure  ? 

That  the  production  of  the  sperm  aster  after  the  entrance  of  the 
sperm  is  conditioned  by  the  same  factors  as  condition  the  early  death 
of  the  egg  after  maturation,  is  shown  by  the  following  evidence. 
Sometimes  sperm  will  enter  non-mature  starfish  eggs,  or  they  enter 
before  maturation  takes  place.  In  all  such  cases  I  have  found,  by  an 
examination  of  both  living  and  sectioned  material,  that  the  sperm 
does  not  form  its  ordinary  large  aster,  but  instead  all  that  is  produced 
is  a  very  minute  series  of  radiations  in  the  neighborhood  of  the  sperm 
head  and  formed  presumably  about  the  middle  piece  or  centriole  of 
the  sperm.  If,  however,  the  germinal  vesicle  wall  has  disappeared 
spontaneously  or  been  ruptured  by  mechanical  shock,  the  aster  begins 
to  form  as  soon  as  the  sperm  enters,  and  normally  its  radiations 
shortly  extend  far   out  into  the  cell    protoplasm. 

This  observation  shows  very  clearly  that  there  is  a  fundamental 
chemical  difference  between  the  protoplasm  of  a  mature  and  an 
immature  starfish  egg.  Although  the  sperm  carries  a  centriole 
into  the  egg  or  forms  a  centriole  soon  after  entering,  this  is  in- 
capable of  forming  a  good-sized  aster  unless  the  nuclear  wall  has 
disappeared  and  the  nuclear  sap  has  spread  through  the  cell.  Indeed 
it  may  be  said  that,  from  this  point  of  view,  the  egg  partially  fertilizes 
itself  by  the  contents  of  its  germinal  vesicle. 

The  impossibility  of  forming  an  aster  in  the  immature  cytoplasm, 
as  contrasted  with  the  cytoplasm  after  maturation,  has  been  found 
also  in  artificial  fertilization.  Thus  starfish  eggs  do  not  undergo 
artificial  parthenogenesis  by  the  action  of  acids  or  other  agencies, 
unless  maturation  has  occurred  or  at  least  begun.  Similarly  Yatsu' 
*  '  Yatsu:  journal  of  experinienta)  zoology,  1905,  ii,  p.  2S7. 
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found  that  in  pieces  of  the  cytoplasm  cut  from  mature  eggs  of  Cerebra- 
tulus  aster  formation  was  easily  caused  by  magnesium  chloride.  It 
was  impossible  to  form  asters  in  pieces  which  had  been  cut  from  the 
eggs  before  maturation  had  occurred.  Miss  Foot'  has  made  similar 
observations  in  Aliolobophora.  The  cone  and  aster  depend  on  the 
stage  of  maturation.  No  matter  how  far  the  sperm  penetrates,  one 
never  sees  a  sperm  attraction  sphere  before  the  anaphase  of  the  first 
polar  spindle.  Similar  observations  have  been  made  by  many  other 
students.  It  is  therefore  clear  that  the  cytoplasm  becomes  capable 
of  forming  a  good-sized  aster  only  after  the  mixture  with  it  of  the 
nuclear  contents. 

I  have  collected  many  other  facts  which  show  this  same  relationship 
between  aster  formation  and  the  discharge  of  nuclear  material.  Thus, 
in  Toxopneustcs,  as  described  by  Wilson,^  and  in  Arbacia  after  fertil- 
ization and  conjugation  of  the  pronuclei,  there  ensues  a  stage  lasting 
thirty  to  fifty  minutes  in  the  period  after  fertilization  during  which 
the  astral  radiations  are  diminishing  and  ultimately  the  coarser 
radiations  die  out.  This  is  a  period  of  retrogression  of  the  asters, 
during  which  the  nuclei  arc  greatly  increasing  in  size,  but  are 
sharply  cut  off  from  the  cell  cytoplasm.  At  the  end  of  this  period 
the  nuclear  membrane  disappears  with  some  abruptness  opposite  the 
asters,  so  that  the  nuclear  sap  here  comes  directly  in  contact  with 
the  astral  substance.  There  ensues  a  sudden  outburst  of  activity  on  the 
part  of  the  asters.  They  grow  enormously,  and  the  radiations  extend 
throughout  the  cell.  I  have  observed  closely  parallel  phenomena  in 
the  starfish  egg.  Starfish  eggs  were  shed  in  water  and  fertilized  at 
8.4S  A.M.  At  10.30  the  pronuclei  were  lying  in  contact  side  by  side. 
At  10.4S  the  nuclei  fused.  The  astral  radiations  were  small,  extend- 
ing but  a  short  distance  from  the  centres.  About  10.50  the  nuclear 
membrane  rapidly  disappeared,  and  immediately  following  this  disap- 
pearance great  rays  developed  through  the  egg,  reaching  a  maximum 
at  II  to  II. 15,  when  the  division  took  place.  This  disappearance  of 
the  rays  after  the  nuclear  membrane  has  re-formed  and  their  sudden 
and  great  development  after  the  solution  of  the  nuclear  membrane  has 
been  described  for  a  variety  of  eggs.*  In  some  cases  it  may  go  so  far 
that  the  whole  astral  structure  disappears  together  with  the  centrioles, 
while  in  other  cases  only  a  reduction  in  the  size  of  the  asters  and 

■*  Foot:  Journal  of  morphology,  1897,  xii,  p.  809. 

*  Wilson  ;  Journal  of  morphology,  189S,  xv,  p.  452. 

•  See  especiaJly  Coe's  observations  on  varioui  echinoderms  and  Cerebratulus, 
Journal  of  morphology,  1S99,  xvii,  p.  455. 
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radiations  is  noted.  Thus,  Miss  Foot '  states  that,  after  or  about  tht 
time  of  the  conjugation  of  the  pronuclei,  the  sperm  astral  centre 
totally  disappear;  the  asters  of  the  first  segmentation  nucleus  are 
new  formations. 

In  Thalassema,  according  to  Griffin,^  the  asters  become  smailerand 
less  distinct  and  grow  again  greatly  after  the  dissolution  of  the  mciD- 
branes  of  the  nuclei.  F.  R.  Lillie^  states  for  Unio  that  the  spcni 
asters  undergo  retrogressive  metamorphosis,  and  as  they  disappearliv 
yolk  granules  flow  in  and  gradually  obliterate  all  traces  of  the  cleir 
areas  where  the  asters  were.  The  centrosome  disappears  completely. 
The  first  segmentation  asters  appear  as  new  formations.  In  Bufo,*  when 
the  pronuclei  are  in  contact,  every  trace  of  radial  systems  disappears. 
The  asters  are  round  masses  surrounded  by  pigment  granules  whici 
formerly  made  the  rays.  When  the  nuclear  wall  disappears,  the  astro- 
spheres  increase  enormously  in  volume  and  rays  appear. 

These  observations  indicate  clearly  that  one  of  the  factors  of  the 
formation  of  asters,  both  in  the  normally  fertilized  egg  and  in  cells 
not  fertilized,  is  to  be  found  in  the  nucleus,  presumably  in  the  nu- 
clear sap,  since  the  change  in  the  protoplasm  extends  throughout  ibc 
egg  substance.  The  admixture  oE  this  sap  enormously  stimulatestbe 
activity  of  the  aster,  whatever  be  the  origin  of  the  latter,  whether  frmn 
sperm  or  from  the  egg  itself. 

It  is,  therefore,  the  action  of  the  nuclear  sap  on  the  cytoplasm  srhicb 
enables  the  sperm  to  perform  its  essential  act  of  fertilization,  namely, 
the  development  of  asters,  and  which  leads  to  the  death  of  the  eg; 
if  this  act  is  not  performed.  I  will  now  show  that  the  essential  pr^ 
cesses  involved  in  these  two  cases  are  also  parallel  in  that  each  ii 
dependent  for  its  fulfilment  upon  atmospheric  oxygen.  This  haJ 
already  been  shown  for  the  death  process ;  it  is  also  necessary  foi 
the  astral  formation. 

The  Astral    Ficiuke    depends   for   its    Existence    in    Arbaci 

AND      AsTERrAS      UPON      THE      PRESENCE     OF     FrEE     OxvGEN   "! 

THE  Surface  of  the  EtiG. 
Wilson  *   showed    that    ether    and    presumably   other    anesthetic 
caused    the   astral    rays   in   Toxopneustes   eggs  to   disappear.    Th 
'  Foot:  Journal  of  morphology,  rSg?,  xii,  p.  809. 
'  Griffin  ;  Journal  of  morphology,  189S,  xv,  p.  594. 

•  LlI.LIE,  F.  R.  :  Ibid.,  1899,  xvii,  p.  232. 

*  KlN<;  :  Ibid;  p.  333. 

'  Wilson:  Arcliiv  fiir  Enlwickelungsmecbanik,  1902,  xiii,  p.  365. 
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rays  reappeared  when  the  anesthetic  evaporated.  This  observa- 
tion is  suggestive,  since  ether  checks  ceil  respiration.  It  suggested 
to  me  that  the  ahsence  of  oxygen  should  produce  the  same  result.  I 
examined  accordingly  the  action  of  hydrogen  gas  on  a  lot  of  living 
starfish  eggs  and  sea-urchin  eggs  at  tlie  time  of  the  first  cleavage. 
I  used  a  Leitz  -^  oil  immersion  ocular  4,  the  eggs  being  under  slight 
compression  by  the  cover  glass. 

The  eggs  of  Arbacia  and  Asterias  were  fertilized  and  transferred 
after  different  intervals  to  sea  water  which  contained  no  oxygen.  The 
sea  water  had  been  boiled  for  two  minutes,  and  hydrogen  gas  passed 
through  for  two  to  three  hours,  precautions  being  taken  to  avoid  evap- 
oration. After  remaining  in  the  oxygen-free  water  for  ten  to  thirty 
minutes,  the  eggs  were  lifted  out  with  a  little  of  the  water,  placed 
quickly  on  a  slide,  and  covered  at  once  with  a  cover  glass  and  exam- 
ined. The  result  was  always  the  same.  If  the  eggs  were  introduced 
into  the  hydrogen  before  the  formation  of  a  large  aster,  they  did  not 
develop  the  aster;  if  they  had  been  introduced  during  the  height  of 
astral  formation,  the  rays  had  faded  out  and  disappeared,  and  only 
clear  areas  in  the  egg  marked  where  the  nucleus,  spindle,  and  aster 
substance  was.  I  then  lifted  the  cover  glass,  mixed  fresh  water 
with  the  eggs,  left  them  exposed  to  the  air  for  a  minute  to  permit 
the  entrance  of  oxygen,  and  re-examined.  In  from  three  to  five 
minutes  the  radiations  began  to  appear,  and  in  ten  to  fifteen  min- 
utes or  longer,  depending  somewhat  on  the  length  of  time  they 
had  been  exposed  to  the  hydrogen,  the  egg  became  filled  with  great 
radiations. 

These  experiments  show  clearly  that  the  coarse,  peripheral,  astral 
radiations  of  the  first  segmentation  amphiaster  of  these  eggs  depend 
for  their  existence  upon  the  presence  of  oxygen.  They  disappear  if 
the  oxygen  is  cut  off;  they  reappear  if  the  oxygen  is  readmitted. 
We  see,  therefore,  that  even  though  a  substance  be  discharged 
from  the  nucleus  into  the  cytoplasm,  this  is  unable  to  form  a  large 
aster  in  these  eggs  unless  oxygen  is  present.  This  observation  indi- 
cates thai  the  substance  escaping  from  the  nucleus  and  active  in  the 
formation  of  an  aster  is  an  oxidase,  since  it  is  active  only  in  the  pres- 
ence of  oxygen. 

As  additional  evidence  of  this  conclusion,  the  peculiar  action  of 
quinine  toward  these  eggs  may  be  cited.  Quinine,  as  is  well  known, 
has  a  very  remarkable  power  of  checking  certain  oxidations.     Thus 
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very  small  amounts  of  it  prevent  the  oxidation  of  guaiac  by  ozonized 
turpentine  and  blood.  The  Hertwig  brothers^  long  ago  observed  the 
peculiarly  poisonous  action  of  quinine  on  dividing  ova.  In  repeating 
and,  extending  their  observations,  I  was  astonished  at  the  very  rapid 
fading  out  of  the  astral  figure  produced  by  this  poison.  The  radia- 
tions disappeared  as  if  by  magic,  and  the  cell  disintegrated  very 
rapidly.  No  other  poison  which  I  examined  was  quite  so  fatal  to 
dividing  cells  as  quinine. 

The  following  experiment  illustrates  the  action  of  various  drugs  on 
the  astral  radiations  and  the  life  of  dividing  starRsh  eggs. 

A  very  fine  lot  of  starfish  eggs  which  maturated  very  uniformly 
were  fertilized  at  8.30.  They  were  placed  in  the  various  solutions  at 
II. 14,  about  ten  minutes  before  division.  Large  asters  had  appeared 
in  some  cells;  in  others  the  nuclear  membranes  had  not  disappeared, 
and  the  asters  appeared  as  small,  clear  areas  with  small  radiations  at 
the  nuclear  poles. 

Solution,  Result. 

1.  Quinine  sulphate    .1  %     .    Radiations  disappear  at  once.     Eggs  become  opaque  and 

siveU  in  ZO  minutes. 
"  "       .0\%  Astral  radiations  disappear  at  once.      No  segmeotatioa. 

Cells  darker.    24  hours  all  dead. 
"  "      .005%  Radiations  disappear.    Astral  centres  as  clear  areas.     No 

segmentation.    24  hours  all   dead. 
"  "      .001%     .     Three-fifths  of  eggs  slowl^  segment.    Far  later  than  control. 

A  few  not  killed  in  24  hours. 

2.  Atropine  sulphate  .1  %     .    About  )  segment.    24  hours  dead. 

"  "  .05  %     .  AH  segment  and  form  moruli.     Next  morning  dead. 

"  "         .02%      .  Segmental  ion  somewhat  retarded.    24  hours  nearly  all  dead. 

"  "        .01%     .  All  segment.    Majority  form  abnormal  swimming  blaatulse. 

3.  Cafeine  hydrochlorate  .1  %  Eggs  remain  clear  many  hours.     Several  centres  in  unseg- 

mented    eggs.      \  segment  in  2  hours.       Next  morning 

many  living. 
"  "       .05  %     .    Segmentation    delayed.       Radiation    somewhat   reduced. 

Many  divide  at  once  into  4  cells.    24  hours  living. 
"  "        .02%     .    Segmentation  retarded,  but  all  develop.      Abnormal  gaa- 

trula  in  24  hours. 
'•  "       .01%     .    Segmentation  at  firet  not  retarded.    Gastrutz  not  so  good 

as  control. 

4.  Physostigmine   (alkaloid)    Many  eggs   partially  divide,  but  blastomeres   refuse.     At 
Ftesh  solution  :    .05%  1.S3  no  centres  visible  in  any  eggs,  bul  periphery  of  egg 

buds  off  small  pieces  of  protoplasm. 
"  ■'       .025%    .   A    few     cells     divide     completely.      Radiations    strong. 

Remainder  show  incomplete  division.      In  24  hours  all 

'  Hertv^ig,  O.  and  R. :  Jenaische  Zeitsehrift,  1887,  xjt,  p.  120. 
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"      .0005%    .    First  division  in  all,  but  no  further.      Peculiar  change  in 
cytoplasm  as  noted. 
sulphate   .05%     Neailf  all  divide  and  develop. 

.025%     Nearly  all  divide  and  develop  10  gastuls.     Die  after  48 
hours. 
"  "         .001%   All  develop.    48  hours  aiive  and  swimming  gaatul». 

"  "         .005%     Development  nearly  normal. 

6.  Cocaine  hydrochloride  .1  %  Division  retarded.    Centres  divide.     Rays  reduced.     Dead 

in  24  hours. 
"  "  .05%   First  seementaiions   retarded,  but  not  prevented.      Rays 

reduced.    24  hours  dead. 
.02%    Like  control  at  first.     Dead  in  Z4  hours. 
,01%    Some  retardation.     Dead  in  24  hours. 

7.  .Strychnine  sulphate  .05%    Centres  divide.    Eggs  not.     Radiations  reduced. 

.025%    A  few  segment.     Majority  not, 
.01%     Nearly  all  divide,  but  retard.     Alive  after  24  hours. 
"  "  .005%    IJIte  control,  but  dies  in  48  hours. 

8.  Adrenaline  chloride  .007%     First  two  divisions  take  place,  but  protoplasm  altered  like 

physostigmine.    All  dead  in  24  hours. 
"  "       .0033  %     Some  4  cell.     Do  not  develop  farther.     Same  protoplasmic 

9.  Veralrine  chloride     .03?!'     All  divide  and  develop,  hut  retarded.     Dead  in  24  hours. 

The  preceding  experiment  shows  the  astonishing  fact  that  quinine 
sulphate  toward  dividing  eggs  is  more  poisonous  than  atropine,  pilo- 
carpine, caffeine,  physostigmine,  aeon  i tine,  cocaine,  veratrin,  or  strych- 
nine. Its  power  of  checking  cell  division  is  even  greater  than  sodium 
cyanide.  It  is  indeed  surprising  that  quinine,  a  drug  which  may  be 
taken  with  impunity  in  relatively  enormous  doses  by  mammals,  should 
be  so  extraordinarily  poisonous  toward  dividing  cells  of  the  sea-urchin 
and  starfish.  The  effect  of  this  drug  on  the  astral  figure  is  almost 
instantaneous.  A  dilution  of  one  part  of  the  sulphate  to  17,000  of 
sea  water  is  sufficient  to  wipe  out  the  large  astral  radiations  and  to 
prevent  segmentation.  On  the  other  hand,  veratrin  and  aconitin,  two 
of  the  most  fatal  and  powerful  poisons  known,  are  toward  the  process 
of  segmentation  relatively  inert. 

The  Effect  of  Cold  on  the  Astral  Radiations. 

It  is  well  known  that  cold  checks  the  respiratory  pjocesses.  It 
ought,  hence,  if  the  aster  is  a  dynamic  and  not  a  static  structure,  to 
cause  a  disappearance  of  the  rays,^ 

'  BovKKi  has  tried  similar  experiments  from  a  ilifFerent  point  of  view  (Sitiungs- 
berichie  der  ph ysi kali schen-medicinisc hen  Gesellschaft,  Wiirzburg,  1897). 
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A  lot  of  ripe  starfish  eggs  were  fertilized  just  after  the  germinal 
vesicle  membrane  had  disappeared.  Just  before  division,  when  most 
of  the  eggs  had  very  large  asters  in  them  and  radiations  extending  to 
the  periphery  of  the  egg,  I  put  them  in  sea  water  cooled  to  +2°  C 
After  twenty-five  minutes'  exposure  lo  the  cold  I  examined  them 
Nearly  all  eggs  were  undivided.  The  great  astral  radiations  had  dis- 
appeared, and  only  clear  areas  without  rays  could  be  seen,  generally 
two  in  each  egg.  I  then  carefully  warmed  the  slide  or]  my  hand. 
The  rays  began  to  appear  almost  at  once,  and  very  soon  enormous 
astral  radiations  appeared  about  each  centre,  and  division  took  place. 

Some  eggs  were  left  for  three  hours  at  +2'*  to  +5°  C.  In  these 
eggs  three  or  four  clear  areas  without  rays  could  be  seen-  On  warming 
rays  appeared  about  each  centre. 

The  Nature  of  the  Centriole. 

We  have  thus  far  been  able  to  trace  two  elements  of  respiration  in 
cell  division:  the  oxidase,  formed  by  the  nucleus  and  thrown  into 
the  cytoplasm,  and  free  oxygen.  There  remains  the  other  element, 
i.  e.,  the  reducing  substance,  the  substance  producing  nascent  hydro- 
gen, to  be  accounted  for.  It  occurred  to  me  that  that  substance  might 
be  the  centriole.  If  that  were  the  case,  the  astral  centre  should  show 
a  strong  reducing  action. 

I  can  find  very  little  evidence  of  the  chemical  nature  of  the  cen- 
triole. From  its  staining  reaction  and  digestibility  in  pepsin-hydro- 
chloric acid,  it  is  not  apparently  a  nuclcin,  but,  as  Zacharias '  maintains, 
an  albuminous  substance.  It  may,  however,  be  like  the  oxidase,  an 
albuminous  derivative  of  the  chromatin.  It  is  not  even  certain  that 
all  the  centrioles  in  the  cell  have  the  same  chemical  composition.  If, 
as  is  possible,  the  centriole  has  a  reducing  action  and  causes  the 
astral  figure  in  virtue  of  that  fact  in  the  way  shortly  to  be  considered, 
any  reducing  substance,  whatever  its  chemical  composition,  would 
have  a  similar  action.  As  there  are  certainly  several  reducing  sub- 
stances in  every  cell,  it  will  be  seen  that  it  will  not  do  to  assume  that 
all  centrioles  have  the  same  composition. 

In  the  literature  I  find  but  a  few  scattered  observations  on  the 
possible  reducing  action  of  the  centriole,  or  centroplasm.  It  is  of 
course  well  known  that  the  interior  of  the  egg  in  which  the  asters 
normally  develop  has  during  life  a  strong  reducing  action.      Ehrlich's 

'Zachauias:  Berichte  der  deutschen  botanischen  GeselUchaft,  189S,  ivi 
pp.  185-198. 
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work  clearly  shows  this  fact,  which  was  indeed  known  long  before. 
Evidence  for  it  in  the  starfish  egg  will  shortly  be  presented- 

The  centrioles  first  appear  ordinarily  close  to  the  nuclear  wall  or 
even  in  the  nucleus.  It  is  exactly  about  the  nucleus  that  the  strong- 
est reducing  action  ia  to  be  found.  Thus  Beyer'  observed  that  if 
tellurium  oxide  was  injected  it  was  deposited  as  metallic  tellurium 
about  the  nucleus.  Methylene  blue  and  other  stains  are  reduced  par- 
ticularly in  this  region.  The  centrioles  and  asters  therefore  normally 
arise  in  the  region  of  most  intense  reduction,  even  though  they 
may  not  be  the  cause  of  that  reduction.^ 

Foot  and  Strobell  '  report  that  in  the  eggs  of  Allolobophora  foetida, 
fixed  in  chrome- acetic  and  then  exposed  to  osmic  acid  vapor,  the 
centrosomes  appear  as  brownish  yellow  granules,  not  so  black  as 
certain  other  granules  in  the  cytoplasm.  These  observations  indicate 
that  the  centrosomes  fix  and  reduce  osmic  acid.  Field  *  reports  also 
that  if  the  sperm  of  echinoderms  be  exposed  to  osmic  vapor  the  tip 
and  middle  piece  of  the  sperm  reduce  the  osmic  acid  far  more  than 
the  nucleus. 

To  determine  this  point  more  directly,  eggs  with  large  asters  were 
placed  in  a  o.oi  per  cent  solution  of  methylene  blue  in-  sea  water. 
The  methylene  blue  enters  the  egg  with  great  ease.  In  two  to  three 
minutes  the  granules  in  the  outer  third  of  the  protoplasm  become 
stained  a  light  blue.  If  the  eggs  are  left  in  the  solution  beneath  a 
cover  glass,  the  interior  of  the  egg  does  not  color  even  after  the  outer 
third  is  an  intense  blue.  This  fact  indicates  that  the  interior  of  the 
cell  is  strongly  reducing,  and  as  rapidly  as  the  stain  penetrates  it  is 
reduced.  The  clear  protoplasm  at  the  centre  or  at  one  side  of  the 
egg  which  represents  the  asters,  spindle,  and  the  chromatin  will  not 
stain  in  methylene  blue  for  a  very  long  period.  Inasmuch  as  there 
is  no  membrane  atiout  the  spindle  or  in  the  egg  to  prevent  the  pen- 
etration of  the  stain,  and  as  the  cell  stains  rapidly  and  completely  if 
boiled  first,  I  am  of  the  opinion  that  the  centres  and  the  spindle  will 
not  stain,  owing  probably  to  their  strong  reducing  action.  However 
it  might  also  be  urged  that  the  stain  will  not  attack  the  centres, 
because  there  are  no  granules  in  them  with  which  it  ordinarily 
combines.     This  evidence  is  not,  therefore,  conclusive. 

'   Bevbr:  Archiv  fiir  Fhysiologie,  1895,  p.  231. 

'  It  is  possibly  on  account  of  this  intense  chemical  action  that  the  chromatin 
will  not  slain  (luring  "life." 

'  Foot  and  Stkobf.ll:  ZoSlogical  bulletin,  1899,  ii,  p.  131. 
*  FjELn  :  Journal  of  morphology,  189S,  xi,  p.  240. 
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Further  evidence  of  some  value  was  obtained  in  the  following  way. 
The  protoplasm  of  these  eggs  consists  of  a  homogeneous  niatrii 
in  which  myriads  of  minute  granules  of  varying  sizes  are  embedded. 
If  we  knew  whether  these  granules  were  electronegative  or  electro- 
positive, we  might  infer  from  their  behavior  whether  the  astral 
centres  were  oxidizing  or  reducing,  since  all  oxidizing  regions  would 
be  electropositive. 

The  behavior  of  these  granules  is  extremely  interesting.  Originally 
they  are  distributed  evenly  all  through  the  cytoplasm.  Just  as  soon, 
however,  as  the  centriolc  appears,  the  clear  homogeneous  protoplasm 
begins  to  gather  around  it.  and  the  granules  move  away  or  disappear 
in  the  neighborhood  of  the  aster.  The  result  is  that  finally  the 
asters  and  spindles  are  left  in  the  midst  of  a  clear  homogeneous  pro- 
toplasm  which  is  entirely  free  from  these  granules. 

This  clear  area  can  only  have  arisen  by  the  granules  moving  out- 
ward and  the  clear  substance  inward  toward  the  centre  or  by  the  dis- 
solution of  the  granules  in  the  clear  substance.  I  was  unable  to  satisfy 
myself  which  of  these  processes  took  place,  but  I  am  inclined  to  think 
that  both  occur,  although  I  could  not  actually  observe  with  entire 
certainty  the  solution  or  movement  of  any  single  granule. 

It  is  well  known  that  if  the  centre  is  reducing,  it  will  act  as  a  na- 
tive electrode;  if  it  is  oxidizing,  as  a  positive  electrode.  If  the 
granules  are  electropositive  and  the  centre  is  a  reduction  centre,  the 
granules  should  be  attracted  toward  the  centre,  and  should  fuse  into 
larger  granules  near  the  centre,  following  the  well-known  behanor 
of  colloidal  particles  and  suspensions  toward  electrodes.  If,  on  the 
other  hand,  the  centres  are  reducing,  the  granules,  if  electronegative, 
will  be  repelled  from  the  centre,  they  will  move  outward,  and  shouW 
grow  larger  toward  the  periphery  of  the  end,  and  those  near  the  centK 
should  dissolve  if  they  cannot  move  away.  The  first  point,  therefort 
was  to  determine  accurately  the  character  of  the  charges  on  thi 
granules. 

To  determine  this  point  I  used  the  various  stains,  and  I  quickli 
found,  as  had  been  discovered  for  other  cells  already  by  Fischer  ant 
Overton,  that  the  granules  united  only  with  basic  dyes.  Indeed  tbi: 
is  the  easiest  method  I  know  of  for  telling  an  acid  from  a  basic  dj4 
One  puts  the  starfish  eggs  in  a  .03  per  cent  solution  of  the  dye,  a' 
lows  them  to  remain  five  minutes,  and  then  examines  in  fresh  se; 
water.     No  acid  dye  stains.     I  used  the  following  dyes: 
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Basic.  Aciu. 

Methylene  blue.  .            Methyl  blue. 

Thionin.  Add  fuchsin. 

Dahlia.  Acid  violet. 

Methyl  green.  Acid  green. 

Methyl  violet.  Carminale  of  sodium. 

Safranin.  Indigo -carmine. 

Toiuidin  blue.  Erylhrosin.                                  ' 

Neutral  red.  Eosin. 

That  the  basic  stains  form  a  combination  with  the  granules  and  are 
not  simply  dissolved  in  an  oil  drop,  as  suggested  by  Overton,  is  shown 
by  the  fact  that  in  some  cases,  particularly  with  neutral  red,  the  gran- 
ules form  insoluble  red  granules. 

These  ob.Bcrvaiions  show  that  the  granules  in  the  living  cell  without 
exception,  so  far  as  I  could  see,  are  electronegative.  These  same 
granules  are  electropositive  in  fixed  specimens,  owing  to  the  action  of 
the  acid  in  the  fixing  fluids.  Their  behavior  toward  the  astral  centre 
indicates,  therefore,  that  this  is  the  region  of  intense  reduction,  since 
here  they  are  either  dissolved  or  are  repelled  from  it,  or,  as  is  more 
probable,  are  in  part  dissolved  and  in  part  repelled. 

Conversely,  when  the  asters  die  out,  the  granules  move  again  toward 
the  centre  or  reappear  there,  as  is  seen,  for  example,  in  the  eggs  of 
Unio,  and  as  may  easily  be  seen  in  many  other  eggs  where  the  sperm 
or  maturation  asters  die  out  before  the  segmentation  spindle  is 
formed. 

The  behavior  of  these  granules,  in  connection  with  the  other  obser- 
vations already  mentioned,  indicates,  in  my  opinion,  that  the  substance 
of  the  centrioies,  or,  at  any  rate,  the  substance  of  the  astroplasm  and 
presumably  of  the  centriole  is  a  reducing  agent,  and  is  accordingly, 
like  all  reducing  agents,  probably  setting  free  nascent  hydrogen. 

Conclusions. 

The  foregoing  observations  strongly  support  the  view  that  the 
chemical  processes  involved  in  mitosis  are  the  processes  of  respiration, 
and  that  the  phenomena  shown  are  the  result  of  localized  changes  in 
respiratory  activity.  All  the  facts  indicate  that  the  formation  of  an 
aster  in  the  starfish  and  sea-urchin  eggs  is  not  a  purely  physical  pro- 
cess, but  that  the  physical  change  is  underlain  by  a  more  fundamental 
chemical  change    which   supplies  the  energy  for  the   process.       It 
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appears  that  the  protoplasm  of  these  eggs  cannot  produce  a  typically 
Urge  aster,  unless  at  least  three  factors  coexist,  (l)  a  substance 
derived  from  the  nucleus  and  only  active  in  the  presence  of  oxygen, 
probably  therefore  an  oxidase;  (2)  free  oxygen;  and  (3)  the  sub- 
stance of  the  centriole.  No  two  of  these  factors  alone  can  in  these 
eggs  produce  the  formation  of  an  aster.  Concerning  the  nature  of  the 
substance  of  the  centriole,  no  conclusive  evidence  exists,  but  what 
facts  there  are  indicate  that  it  is  probably  an  albumin  and  that  it 
has  a  reducing  action. 

The  facts  suggest  that  the  egg  during  its  period  of  growth  forms 
in  the  nucleus,  by  its  metabolism,  two  important  substances,  an  oxi- 
dase and  the  substance  known  as  the  centriole.  As  long  as  the  egg 
remains  in  the  ovary  of  the  starfish,  the  germinal  vesicle  wall  persistsi 
and  these  substances  cannot  find  access  to  the  cell  protoplasm  with 
sufficient  rapidity  to  produce  cell  division.  When  the  egg  is  shed, 
however,  oxygen  gets  entrance  to  the  egg,  and  owing  to  the  eccentric 
position  of  the  nucleus,  it  gets  access  to  the  wall  of  the  germinal 
vesicle.  A  chemical  change,  possibly  an  oxidation  in  the  latter,  is  at 
once  set  up,  leading  to  its  dissolution.  Upon  the  dissolution  of  the 
membrane  a  mingling  of  the  nuclear  contents  with  the  cell  cytoplasm 
takes  place.  Among  the  substances  thus  set  free  are  the  substances 
of  the  centriole^  and  an  oxidase.  The  latter  spreads  through  the  cell 
protoplasm,  and  in  the  presence  of  oxygen  produces  in  it  an  oxidation, 
which  if  not  checked  leads  to  the  death  of  the  cell.  Meanwhile  the 
centriole  acting  on  the  cytoplasm  in  the  presence  of  the  oxidase  and 
free  oxygen  gives  rise  to  the  astral  figure,  possibly  owing,  as  Lillie 
suggests,  to  diiTerenccs  in  electrical  potential.  At  the  close  of 
maturation  the  centriole  substance  is  itself  either  completely  oxidized 
or  otherwise  rendered  inert.  It  disappears.  The  nucleus  re-forms  and 
at  once  begins  the  same  cycle  over  again.  It  grows  actively ;  it  forms 
more  oxidase  and  particularly  more  reducing  substance. 

There  is,  however,  now  no  agent  to  cause  the  necessary  destruction 
of  the  nuclear  wall.  While  the  nucleus  continues  to  form  its  me* 
tabolic  products,  the  cytoplasm  is  being  oxidized  by  the  oxidase 
discharged  into  it  and  is  finally  killed.  If,  however,  the  nuclear  wall 
be  ruptured  by  mechanical  shock  at  the  right  instant,  when  the 
re-formation   has   reached  the   proper   stage,  and    the   protoplasmic 

'  Earlier  observations  show  thst  the  centriole  substance  precedes  aster  forma- 
tion and  that  it  escapes  from  tlie  nucleus.  Mathews;  Journal  of  morphology, 
"894,  P'  33S- 
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changes  have  not  gone  too  far,  the  centriole  or  reducing  substance 
gets  free  in  the  egg.  It  sets  up  cell  division  of  a  whole  or  a  part  of 
the  egg  substance,  and  thereafter  alternations  of  activity  carry  the 
process  on  to  the  formation  of  an  embryo.  Confirming  this  conclu- 
sion are  my  observations  on  artificial  parthenogenesis  by  mechanical 
agitation,  shortly  to  be  considered. 

The  action  of  the  sperm  is  clear  on  the  basis  of  these  conclusions. 
The  sperm  brings  into  the  egg  cytoplasm,  which  already  contains  the 
oxidase,  two  important  substances.  In  the  first  place  it  brings  a 
reducing  substance  — the  centriole  —  which  by  its  activity  counter- 
acts the  action  of  the  oxidase  of  the  egg  cytoplasm;  and  in  the 
second  place  it  brings  a  very  active  nucleus,  which  grows  rapidly 
when  immersed  in  the  egg  cytoplasm,  and  forms  more  reducing  sub- 
stance and  possibly  oxidase.  By  the  entrance  of  the  sperm  there  is 
thus  set  up  that  extraordinary  series  of  opposite  actions  of  oxidation 
and  reduction  which  accounts  for  the  sudden  outburst  of  respiratory 
activity  coincident  with  the  entrance  of  the  sperm,  and  which  prob- 
ably underlies  many  of  the  most  important  syntheses  and  chemical 
transformations  in  protoplasm  (see  Drechsel,  Baumann,  Hoppe- 
Seyler). 

The  main  difference  between  parthenogenetic  and  non-partheno- 
genetic  ova  upon  this  theory  would  lie  in  the  different  activity  of 
their  respective  nuclei  after  maturation.  This  is  well  illustrated  if  we 
contrast  Arbacia  with  Asterias  eggs.  The  former  is  a  typical  non- 
parthenogenetic  ovum;  the  latter  is  almost  parthenogenetic.  The 
nucleus  of  an  Arbacia  egg  after  maturation  remains  small  for  days, 
and  shows  almost  no  growth  or  other  indication  of  activity  ;  the 
nucleus  of  an  Asterias  egg,  on  the  other  hand,  grows  with  great 
rapidity  after  the  extrusion  of  the  second  polar  body  and  moves 
toward  the  centre  of  the  egg.  In  fact,  if  the  egg  is  partially  deprived 
of  oxygen  so  as  to  prolong  its  life,  the  diameter  of  the  re-formed 
nucleus  may  ultimately  be  half  that  of  the  germinal  vesicle.  In  fact, 
there  is  little  doubt  that  the  nucleus  is  almost  able  by  itself  to  in- 
augurate cell  division  in  this  egg  and  to  counteract  the  destructive 
action  of  the  oxidase  thrown  into  the  cytoplasm  from  the  germinal 
vesicle. 

My  observations  on  the  production  of  artificial  parthenogenesis  in 
these  eggs  by  mechanical  shock  clearly  support  this  conclusion. 
Loeb  has  suggested  that  this  parthenogenesis  is  not  really  due  to 
the   shock,  but  to  changes   in  its   gaseous   environment.      I  have. 
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since  Ihe  publication  of  that  paper,  made  additional  observations 
which  throw  some  more  light  on  this  process.  I  have  found  that 
this  parthenogenesis  is  brought  about  with  greatest  ease  about  six 
to  nine  hours  after  the  eggs  have  begun  to  maturate.  If  one  keeps 
the  eggs  in  a  fairly  thick  layer  so  that  they  are  not  so  freely  exposed 
to  oxygen  and  then  waits  until  the  egg  nucleus  is  re-formed  and  grown 
to  a  large  size,  a  slight  disturbance  is  all  that  is  necessary  to  set  up 
cell  division  in  some  of  the  eggs.  If  the  eggs  are  transferred  very 
carefully  to  a  watch  glass  and  then  the  watch  glass  struck  sharply 
on  the  desk  two  or  three  times,  the  changes  in  the  eggs  may  easily 
be  seen,  under  the  microscope,  beginning  immediately  after  the  shock. 
The  changes  involve  the  throwing  out  of  the  fertilization  membranes 
and  the  solution  of  the  nuclear  membrane,  and  often,  at  any  rate, 
the  development  of  a  large  monaster  about  the  nucleus.  A  con- 
siderable portion  of  the  cytoplasm,  particularly  in  the  periphery  of 
the  egg,  often  disintegrates,  while  that  about  the  nucleus,  which 
is  less  oxidized,  remains  clear,  rounds  itself  off,  divides,  and  forms 
swimming  embryos,  generally  dwarf  and  abnormal  in  shape.  The 
essential  point  in  this  observation  is  to  show  that  the  change  brought 
about  by  mechanical  shock  involves  primarily  the  nucleus  and  leads 
to  the  mingling  of  its  contents  with  the  cytoplasm,  the  indirect 
result  being  cell  division.  It  is  impossible  to  cause  artificial  partheno- 
genesis in  Arbacia  by  mechanical  shock,  for  the  reason  that  such 
shock  does  not  disrupt  the  nucleus,  and  the  nucleus  itself  is  ap- 
parently quite  inert.  There  is  no  question  of  the  efficacy  of  me- 
chanical shock  in  producing  artificial  parthenogenesis  in  the  starfish 
egg,  and  I  think  there  can  be  no  doubt  that  it  is  not  a  question  of 
CO2  formation,  as  Loeb  suggests,  but  the  shock  itself  which  causes 
this  result. 

The  conclusions  of  this  paper  are  also  of  interest  in  the  matter  of 
artificial  parthenogenesis  by  salt  solutions  and  the  formation  of  asters 
by  such  solutions  in  pieces  of  the  mature  egg,  as  described  by  Wil- 
son. In  my  opinion  the  action  of  the  various  agencies  which  set  up 
artificial  parthenogenesis  cannot  be  explained  if  these  fundamental 
chemical  changes  are  neglected.  The  opinion  expressed  by  Morgan 
that  we  are  dealing  with  one  fundamental  chemical  process,  and  that 
this  may  be  set  up  in  a  variety  of  ways  by  various  means  or  stimuli, 
appears  to  me  well  founded.  Anything  is  a  stimulus  which  effects 
this  fundamental  process,  the  respiratory  process,  in  a  certain  wayt 
although  the  direct  physical  effect  of  the  agent  on  the  protoplasm 
cannot,  of  course,  be  neglected. 
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I  would  suggest  the  following  explanation  of  the  physiological  and 
morphological  phenomena  observed  in  cell  division  and  artificial  par- 
thenogenesis. The  reducing  substances  destined  at  times  to  give  rise 
to  the  centrioles  are  being  formed  constantly  by  the  metabolism  of 
the  nucleus-  These  substances  are  normally  shed  into  the  cyto- 
plasm so  slowly  and  in  such  small  quantities  that  they  suffice  only  to 
keep  up  normal  respiration  and  to  keep  the  cell  body  in  its  reduced 
state.  They  are  consumed  at  the  periphery  of  the  cell,  or  otKcrwise 
rendered  inert  as  rapidly  as  they  are  produced,  so  that  no  local  ac- 
cumulation of  them  in  the  cytoplasm  in  an  active  form  is  possible. 
The  amount  of  these  substances  in  the  nucleus  is  greater  than  that 
in  the  cytoplasm,  and  at  times  a  larger  mass  than  usual,  owing  to  the 
dissolution  of  the  nuclear  wall,  gets  into  the  cytoplasm.  Under  fa- 
vorable conditions  of  oxygenation  this  mass  sets  up  the  localized, 
marked  disturbance  in  respiration  and  forms  the  aster,  it  itself  being 
the  centriole.  The  centriole,  in  other  words,  is  simply  an  abnormal 
amount  of  the  active  reducing  substance  localized  in  one  place.  It 
may  also  be  assumed,  from  analogy  with  other  chemical  substances, 
that  this  centriole  substance  exists  in  two  forms,  an  active  dissoci- 
ated and  an  inactive  undissociated  form,  and  that  it  readily  passes 
from  the  inactive  to  the  active  condition.  It  is,  for  example,  possibly 
inactive  when  hydrated,  just,  for  example,  as  NH^OH  is  inactive  and 
the  dehydrated  radical  NHj  is  active.  It  is  converted  into  the  active 
form  by  taking  out  water  by  strong  solutions  or  in  other  ways,  and 
the  active  form  is  the  strong  reducing  substance  as  assumed  for  cell 
respiration.  This  is,  of  course,  only  a  suggestion  to  explain  the  pro- 
duction of  asters  in  enucleated  fragments.  These  two  states  of  the 
centriole  or  reducing  substance  may  be  in  equilibrium  with  the  water 
present  in  the  cell  and  with  each  other.  That  is,  the  larger  the  active 
mass  of  the  water,  the  more  of  the  particles  will  be  in  the  hydrated 
or  inactive  form  ;  the  smaller  the  active  mass  of  the  water,  the  more 
of  the  particles  which  will  become  active,  that  is,  strongly  reducing. 
'R'f  the  addition  of  salts  such  as  MgClj  the  active  mass  of  the  water 
is  reduce».l,  owing  to  the  combination  of  the  water  with  the  ions  and 
molecules  of  the  salt,  and  consequently  more  of  the  particles  become 
active,  with  the  result  that  they  form  scattered  asters,  or  one  large 
monaster  if  they  are  diffused.  The  effects  of  the  dehydration  in  in- 
creasing the  per  cent  of  active  particles  would  be  the  same  as  the 
production  and  discharge  by  the  nucleus  of  a  large  quantity  of  the 
stuff  composing  the  particles.     We  cannot  cause  asters  in  immature 
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eggs,  owing  to  the  fact  that  not  sufficient  oxidase  and  centriole  sub- 
stance is  in  the  cytoplasm. 

According  to  this  view,  then,  all  agencies  for  artlBcial  partheno- 
genesis are  efiective  primarily  because  they  succeed  in  liberating  in 
the  cell  cytoplasm  active  reducing  centriole  substance.  They  may 
liberate  it  there  either  by  causing  a  rapid  discharge  of  it  from  the 
nucleus  or  by  rendering  the  inert  substance  already  present  active.* 
The  sperm  is  able  to  fertilize  because  it  brings  in  active  centriole  sub- 
stance itself,  and  a  nucleus  capable  of  forming  more. 

This  hypothesis  appears  to  me  to  give  a  tentative  explanation  of 
both  natural  and  artificial  fertilization  and  to  harmonize  the  experi- 
mental results  with  the  morphological  changes  observed. 

I  may  be  permitted  to  point  out,  in  closing,  that  these  results  are 
supported  by  the  observations  of  F.  R.  Lillie'  on  the  discharge  of 
substances  from  the  cell  nucleus  into  the  cytoplasm,  and  that  they 
furnish  a  basis  for  the  explanation  R.  Lillie  has  given  for  the  astral  rays. 
The  rays  appear  to  stretch  from  regions  of  intense  reduction  to  regions 
of  oxidation,  —  in  other  words,  between  an  oxygen  and  a  hydrogen 
electrode,  —  and  hence  possibly  to  be  of  electrostatic  origin. 


Summary  op  Observations  and  Conclusions, 

1.  The  inauguration  of  the  maturation  of  the  egg  of  Asterias  when 
shed  into  sea  water  consists  in  the  dissolution  of  the  nuclear  mem- 
brane at  the  point  where  the  germinal  vesicle  comes  nearest  to  the 
surface  of  the  egg.  The  dissolution  of  the  wall  is  due  to  the  oxygen 
in  the  sea  water,  since  it  does  not  occur  if  oxygen  is  absent. 

2.  By  the  dissolution  of  the  nuclear  wail  all  but  a  minute  portion 
of  the  contents  of  the  vesicle  are  mixed  with  the  cytoplasm.  Coin- 
cident with  this  admixture  the  cytoplasm  undergoes  chemical  and 
physical  changes.  The  maturated  egg  becomes  opaque  and  dies  in 
ten  hours;  the  egg  where  the  germinal  vesicle  remains  intact  lives 
for  days.  The  early  death  of  the  maturated  egg  is  greatly  delayed 
if  oxygen  is  prevented  access  to  the  egg.  It  is  therefore  clear  that 
among  the  substances  set  free  through  maturation  is  one  which  greatly 
facilitates  the  action  of  atmospheric  oxygen  on  the  egg.     Presumably, 

'  See  Wilson's  account  of  Asters  in  fragments  of  eggs,  Archiv  fiir  Entwick- 
elungsmechanik,  1901,  xii,  p.  4. 

'  Lillie,  F.  R.  :  Journal  of  experiment.1l  loSlogy,  1906,  [ii,  p.  IJ3. 
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therefore,  an  oxidase  escapes  from  the  cell  nucleus  into  the  cytoplasm 
on  rupture  of  the  nucleus. 

3.  The  cytoplasm  of  the  mature  egg  can  form  asters  when  the  sperm 
enters  or  when  subjected  to  dehydration.  The  cytoplasm  of  the  non- 
maturated  egg  will  not  form  asters  under  these  conditions.  The 
cytoplasm  of  the  maturated  starfish  and  sea-urchin  egg  will  only 
form  large  asters  after  entrance  of  the  sperm  if  free  oxygen  is  present. 
The  astral  radiations  fade  out  and  disappear  if  oxygen  is  withdrawn, 
if  quinine  is  given,  if  cold  or  ether  is  applied.  They  reappear  if  oxygen 
is  readmitted.  I  infer  from  these  observations  that  the  sperm  requires 
to  develop  an  aster  oxygenated  cytoplasm  of  a  suitable  kind  containing 
an  oxidase.  The  astral  figure  is  hence  the  product  in  these  eggs  of 
three  factors:  (i)  centriole  substance;  (2)  an  oxidase;  (3)  free 
oxygen. 

4.  The  centriole  substance  is  probably  a  strong  reducing  substance 
and  the  substance  which  lies  at  the  bottom  of  the  cell  respiration. 
This  is  indicated  by  the  fact  that  the  centrosome  lies  in  the  part  of 
the  cell  where  reduction  is  strongest;  by  the  behavior  of  the  electro- 
negative granules  in  the  cell  which  are  repelled  from  or  dissolved  by 
it;  and  by  other  observations  of  its  action  on  osmic  acid. 

5.  The  chemical  basis  of  cell  division  is  probably  the  process  of 
respiration,  the  astral  figure  being  a  localized  region  at' the  centre  of 
which  is  intense  reduction. 

6.  It  is  suggested  that  the  various  methods  employed  to  produce 
artificial  parthenogenesis  do  not  do  so  by  their  direct  physical  action 
on  the  cell,  but  indirectly  by  producing  in  one  way  or  another  active 
centriole  substance  in  the  cell  cytoplasm,  or  by  causing  its  discharge 
from  the  nucleus. 

7.  A  basis  is  thus  given  for  the  electrostatic  differences  in  poten- 
tial assumed  to  exist  by  Hartog,  Lillic,  and  Spaulding  to  explain  the 
astral  figure. 

8.  These  conclusions  support  those  of  Delage  in  most  particulars, 
but  in  addition  give  some  evidence  of  the  nature  of  the  substances 
acting  on  the  cytoplasm  and  formed  by  the  nucleus. 
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CONCERNING  THE  EXCRETION   OF  PHOSPHORIC  ACID 
DURING  EXPERIMENTAL  ACIDOSIS  IN  RABBITS. 

Bv  R.  FITZ,  C.  L.  ALSBERG,  and  L.  J.  HENDERSON. 
[Fran  Ihi  Leioratmy  ef  Biotogital  Ckimitby  ef  tht  Harvard  Mediial  Sthftl."] 

IN  a  previous  paper'  one  of  us  has  pointed  out  certain  reasons  for 
seeking  in  the  phosphates  a  special  activity  in  neutralizing  acids 
in  the  body.  Briefly  these  reasons  are  as  follows:  In  protoplasm 
phosphates  are  present  in  very  great  amount,  undoubtedly  as  mixtures 
of  mono-  and  di-potassium  phosphates  and  similar  salts;  such  mix- 
tures constitute  a  nearly  neutral  solution  which  has  the  remarkable 
property  of  being  able  to  take  up  large  quantities  of  acid  or  alkali 
without  becoming  acid  or  alkaline.  This  behavior  is  easily  explained 
by  the  facts  that  acid  sufficient  to  convert  all  the  di-potassium  phos- 
phate of  such  a  mixture  into  mono-potassium  phosphate  must  be 
added  before  the  slight  acidity  of  the  pure  mono- potassium  phosphate 
is  obtained,  and  that  enough  alkali  to  convert  all  the  acid-potassium 
phosphate  into  di-potassium  phosphate  must  be  added  before  the  faint 
alkaline  reaction  of  the  latter  substance  is  obtained,  while,  in  accord- 
ance with  the  requirements  of  the  concentration  law,  all  mixtures  of 
the  two  substances  are  much  more  nearly  neutral  than  either  alone. 
Accordingly,  if  acid  is  introduced  into  protoplasm  in  a  form  more 
strongly  acid  than  acid  potassium  phosphate,  it  must  immediately  react 
with  di-potassium  phosphate  and  similar  substances  forming  a  salt  and 
acid  potassium  phosphate  according  to  the  reaction. 

KsHPOj  -I-  HX  =  KH,PO,  +  KX. 

Other  substances,  of  course,  such  as  carbonates  and  protetds,  are  not 
without  concern  in  the  readjustment  of  equilibrium,  but  on  the  whole 
there  is  good  reason  to  attach  to  them  a  minor  importance,  at  least 
in  the  first  stages  of  acid  intoxication  when  little  acid  has  been  neu- 
tralized. Nevertheless  a  proper  understanding  of  the  division  of 
>  L.  J.  Henderson:  This  journal,  1906,  xv,  p.  357. 
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function  among  such  substances  is  an  important  matter,  and  at  present 
it  is  being  investigated  in  this  laboratory. 

In  the  process  of  getting  rid  of  acid  from  the  body  the  next  step 
would  be  to  remove  from  the  cells  the  excess  of  acid  potassium  phos- 
phate or  more  precisely  of  H^POi  ions  formed  by  the  above  process, 
thereby  restoring  the  equilibrium  between  mono-  and  di-potassium 
phosphate  at  its  former  level.  If  such  a  process  should  occur,  cither 
by  a  selective  activity  of  the  cell,  or,  in  accord  with  the  experiments 
of  Maly,'  through  the  great  dilTusibility  of  acid  phosphates,  that  is  to 
say,  of  HjPOj  ions,  this  phosphate,  entering  the  blood  stream,  should 
rapidly  pass  out  of  the  body  through  the  kidneys.  It  can  hardly  be 
doubted  that  the  cell  wilt  endeavor  to  restore  the  normal  ratio  between 
mono-  and  di-potassium  phosphates  in  view  of  the  desirability  of  restor- 
ing the  full  normal  power  to  neutralize  acids.  Moreover,  though  a 
considerable  increase  in  the  amount  of  acid  phosphate  at  the  expense 
of  the  other  salt  must  involve  a  very  slight  change  in  hydrogen  ioni- 
zation at  most,^  even  this  slight  change  can  hardly  be  without  influence 
upon  the  delicate  catalytic  reactions  of  protoplasm.  Moreover,  too, 
slight  changes  of  this  sort  probably  influence  the  colloidal  organiza- 
tion of  protoplasm  to  a  certain  extent.  Finally,  it  is  clear  that  if 
acid  is  to  be  removed  from  protoplasm  without  preparatory  chemi- 
cal change  it  must  leave  in  the  form  of  mono-potassium  phosphate 
chiefly,  for  there  can  be  no  doubt  that  in  this  form  chiefly  it  exists  in 
protoplasm. 

Concerning  the  excretion  of  phosphates  in  acidosis,  there  is  little 
satisfactory  information,  and  nothing  which  conclusively  indicates  a 
direct  influence  of  acid  upon  phosphate  excretion.  Interesting  in  this 
connection  are  the  observations  of  Teissier,^  who  noted  in  certain 
cases  of  diabetes  inverse  variations  in  the  excretion  of  glucose  on  the 
one  hand  and  phosphoric  acid  on  the  other.  It  is  far  from  improbable 
that  in  these  cases  the  period  of  diminished  glucose  excretion  and 
increased  excretion  of  phosphoric  acid  was  also  a  period  of  increased 
acid  formation. 

From  the  above  considerations  it  seemed  possible  that  acid  feeding 
would  produce  an  increased  phosphoric  acid  excretion  in  the  urine, 
which  might  be  followed  by  a  falling  off  in  the  excretion  of  phosphoric 
acid  When  the  body  could  no  longer  spare  that  imporlgnt  constituent, 

'  Maly:  Zeitschrift  fiir  physiologische  Cheraie,  1877,  i,  p.  174. 

*  See  Henderson  :  Loc.  cii.,  p.  260. 

■  Teissier:  Du  diabite  phosphatique  :  Paris,  1876. 
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The  following  experiments  have  been  carried  out  to  decide  this 
question. 

Four  rabbits  were  fed  on  a  nearly  constant  diet  of  cabbage,  such 
variations  as  were  incidentally  introduced  being  quite  too  small  mate- 
rially to  influence  the  results.  They  received  gradually  increasing 
amounts  of  0.9  per  cent  hydrochloric  acid  through  a  stomach  tube 
daily,  and  in  the  urine  the  phosphoric  acid  was  estimated  day  by  day. 
The  choice  of  0.9  per  cent  hydrochloric  acid  was  made  in  accordance 
with  the  experiments  of  Walter.'  Rabbits  were  used  because  it  was 
desired  so  far  as  possible  to  obviate  the  neutralization  of  acid  by 
ammonia  so  readily  accomplished  by  the  carnivora.  Phosphoric  acid 
was  estimated  by  diluting  the  urine  to  500  c.c.  and  titrating  the 
amount  of  phosphoric  acid  in  50  c.c.  of  the  solution,  using  uranyl 
nitrate  and  potassium  ferrocyanide  as  an  indicator,  a  high  degree  of 
accuracy  in  the  determinations  being  unnecessary  for  the  matter  in 
hand. 

The  rabbit's  weight,  food,  acid  ingestion,  and  phosphoric  acid  excre- 
tion day  by  day  arc  recorded  in  Table  I. 

It  is  clear  that  in  all  these  cases  there  occurred,  for  a  period  of 
varying  length,  not  long  after  the  beginning  of  the  acid  feeding,  a 
material  increase  in  the  phosphoric  acid  excretion  by  the  kidney.  The 
average  increase  for  all  four  rabbits  during  the  first  fifteen  recorded 
days  after  the  beginning  of  the  acid  treatment  is  55  per  cent.  On 
closer  scrutiny  it  is  easy  to  see  that  there  is  a  considerable  regularity 
both  in  increase  and  in  a  later  decrease  in  phosphate  excretion  in  the 
cases  of  all  four  rabbits.  At  first  the  excretion  is  relatively  little 
increased,  in  the  gray  rabbit,  No.  3,  indeed,  slightly  diminished ;  later, 
as  the  amount  of  hydrochloric  acid  ingested  rises,  there  is  a  large 
increase  in  the  excretion  of  phosphoric  acid.  There  follows  a  period 
of  diminished  excretion,  the  diminution  in  some  cases  being  so  great 
that  materially  less  phosphoric  acid  is  excreted  than  normally. 
Finally,  there  is  to  be  noted  in  two  of  the  three  rabbits.  No.  i  and  No.  3, 
just  before  death  a  marked  increase  in  the  phosphoric  acid  excretion, 
not  easily  to  be  explained  by  the  present  considerations.  This  phe- 
nomenon we  hope  to  study  in  connection  with  the  nitrogen  metabolism 
in  a  later  investigation.     One  rabbit,*  No.  4,  bore  a  relatively  large 

'  Walter:  Archiv  fijr  experimenlelle  Patholc^ie  und  Pharmakologie,  1877, 
vii,  p.  148. 

'  It  is  tbouKbt  that  this  rabbit  was  a  young  one.  Experiments  to  test  the  inliu- 
ence  of  acid  upon  the  excretion  of  phosphates  in  young  animals  will  soon  be, 
u  ndertaken  in  this  laboratory. 
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Date. 

Weight. 

Food. 
Cabbage. 

Acid  ingestion. 
0.9%  HC1. 

P,0.  in  urine. 

August  1 

15S5 

^      ■ 

0 

a077 

"       2 

350 

0 

0-0&4 

■■       3 

3.S0 

25 

0.064 

1550 

250 

25 

0.0S5 

"       5 

300 

25 

ao6s 

"       6 

300 

25 

0.078 

'*       7 

300-1 

35 

0.124 

■'       8 

300 

35 

0.144 

"       9 

300 

35 

0,160 

•'     10 

300 

35 

ao77 

"     11 

1530 

300 

35 

ai64 

■■      12 

300 

35 

a072 

"     13 

300 

50 

ai4i 

"      14 

300 

50 

ao70 

"      IS 

300 

70 

0.114 

-     16 

300 

70 

0.064 

■'     17 

300 

70 

lost 

'■     18 

i+ts 

300 

70 

a285 

"     19 

300 

70 

0.064 

"     20 

300 

70 

0.136 

"     21 

1335 

300 

70 

a226 

"      22 

Dead 

1  In  the  tables  (he  three  stars  ir 
from  ten  to  twenty  grams  of  whe 
small  to  produce  an  appreciable  ef 

dicale  that  on  the  days  indicated  the  rabbits  received 
t.    The  phosphate  content  of  this  food  js  much  too 
ect  upon  the  results  of  the  investigalion. 
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TABLE   II. 
Gray  Rakdit. 


Dale. 

WeighL 

Food. 
Cabbage. 

Acid  iDEestion. 
0-9%  HCI. 

P5O,  En  urine. 

August  2 

rr 

3M 

'o 

0107 

»      3 

2410 

250 

0 

a077 

"     4 

300 

0 

0.043 

"     S 

300 

0 

0.145 

"     6 

300 

25 

a068 

"     7 

300 

25 

0.081 

"      8 

300 

35 

lost 

"     9 

300 

35 

0.092 

"   10 

im. 

300 

35 

lost 

"    U 

300 

35 

0.072 

"    12 

300 

35 

0.081 

'■    13 

300 

50 

0.081 

"    14 

300 

50 

0092 

"    IS 

300 

70 

0.013 

'■    16 

300 

70 

0067 

"    17 

300 

70 

0.067 

-    18 

2195 

300* 

70 

0.105 

"    19 

300 

70 

0.269 

"    20 

300 

70 

0.034 

■■    21 

300 

70 

0.045 

"    22 

300 

70 

0.031 

"    23 

300 

70 

a053 

"    24 

2110 

3M 

70 

0.051 

•'    2S 

300 

70 

0.068 

"    26 

300 

70 

0.038 

"    27 

300 

70 

0X)52 

"    28 

1960 

300 

70 

0.053 

■'   29 

300 

70 

0.045 

■'  30 

Dead 
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TABLE   III. 
Black  Rabbit. 


Dale. 

Weight. 

Food. 

Cabbage. 

Add  ingestion. 
0.9%  llCl. 

P,0«  in  urine. 

August  1 

'124S 

^ 

0 

0.064 

•'      2 

ZSO 

0 

'  0.043 

■'      3 

250 

25 

0.038 

"      4 

250 

25 

o.aji 

"     5 

200 

25 

0.053 

"      6 

100* 

0 

0.136 

■'     7 

200* 

25 

0.124 

"     8 

1255 

200 

0 

0.098 

"     9 

200 

25 

0.196 

"    10 

200 

25 

0.139 

"    11 

200 

25 

aiS4 

"    12 

ZOO 

25 

0.201 

"    13 

200 

35 

0.181 

'■    14 

200 

35 

0.160 

"   IS 

IISS 

250 

SO 

0.179 

'•    16 

300 

SO 

a2os 

"    17 

300 

SO 

0.205 

"    18 

300 

so 

0.164 

■'    19 

200 

so 

ao8i 

"    20 

940 

200 

50 

0.064 

,.    21 

870 

200 

50 

0.416 

"    22 

Dead 
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TABLE   IV. 
Small  White  Rai: 


Hate. 

Weight. 

Yaa&. 
Ca!)l.»ge. 

0.9%  HCl. 

P,0.  in  urine. 

August  Z        1            1430            1            2S0 

0 

0.103 

"      3        .            ....            i            2S0 

0 

0.108 

"      -t 

200 

0 

0149 

"     5 

ZOO 

0 

lost 

■'     6 

200 

0 

0.068 

■'      7 

200 

25 

0.226 

'■     8 

.... 

200 

25 

0.115 

"9                    1405                        200 

ZS 

0.064 

"10                    ....                        ZOO 

Z5 

0.186 

■■11              ....                zoo 

ZS 

0.171 

■•    12        :            .-..                        200 

Z.S 

O.ZOI 

"    13        i 

200 

35 

0.273 

"    14        j 

300 

3S 

0.188 

"    IS                  U75 

300 

50 

aiis 

"   16 

300 

SO 

lost 

"   17 

300 

50 

0Z6Z 

•■   18       ' 

300 

50 

azi5 

'■   19 

ZOO 

SO 

1 

\         0.1Z3 

■■   20 

ZOO 

50 

J 

"   21 

zoo 

50 

\        0.031 

"   22 

1070 

zoo 

50 

) 

"   23 

.... 

zoo 

50 

\      ai64 

"   24 

zoo 

SO 

f 

"    25 

zoo 

50 

I         0041 

"    26 

zoo 

SO 

1 

'■   27 

200 

50 

\        a049 

"   28 

200 

SO 

) 
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TABLE   IV  (^fHlimud). 


Dale. 

Weight. 

Food. 
Cabbage. 

Acid  ingestion. 
0.9  r^  IICl. 

PjOj  in  urine. 

Augusl  29 

1065 

^ 

50 

0.228 

"       30 

ZOO 

50 

0136 

"       31 

200 

SO 

0.053 

September  1 

200 

0 

0.03S 

2 

200 

0 

0.060 

3 

.... 

200 

0 

0.077 

4 

200 

0 

lost 

S 
6 

1105 

200 
200 

0 
0 

I         0.0S9 

7 
8 

200 

200 

0 
0 

1         0.05S 

9 

10 

200 
200 

0 
0 

J         0.03S 

11 

12 

1105 

200 
200 

0 
0 

I         0.055 

13 
H 

.... 

200 
200 

0 

0 

I         0.111 

IS 

200 

0 

16 

200 

0 

0.309 

17 

200 

0 

18 
19 

im 

200 
200 

0 
0 

I      aow 

20 
21 

1160 

200 
200 

0 
0 

I         0154 

amount  of  acid  for  a  relatively  long  time,  and  manifested  particularly 
great  variation  in  the  pliosphoric  acid  output.  In  this  case  the  acid 
feeding  was  finally  discontinued,  whereupon  the  excretion  of  phos- 
phoric acid   sank  even   lower  than  before,  and  then  gradually   rose 
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toward  the  normal,  as  would  be  expected  if  the  animal  had  lost  more 
phosphate  than  it  could  spare. 

These  facts  arc  assembled  in  the  following  table  in  which  are 
recorded  the  average  acid  income  and  phosphoric  acid  output  per  day 
during  the  various  periods  above  indicated.     As  was  to  be  expected, 

SUMMARY  OF   RESULTS. 


Average 

Average 

Rabbit, 

Pericwl. 

per  day. 
0.9%  HCl. 

PjOi  excretion 

per  day. 

f 

August  1-2 

0 

0070 

Table  I 

■■      3-6 

2.S 

0-074 

Large  White  Ribbit           \ 

"      7-11 

35 

0134 

"    12-17 

55 

O092 

\ 

•■     18-21     ■ 

70 

0178 

(I            "      2-5 
Table  n                    1 1            "      6~1S 

0 

O093 

SO 

0.078 

Gray  Rabbit                1 

"     16-19 

70 

0.127 

1 

■■    20-29 

70 

aw7 

"      1-2 

0 

0.053 

Table  III 

"      3-8 

17 

0080 

BUck  Rabbit 

"      9-17 
■'    18-20 

35 
.50 

0.180 
0.103 

"       21 

SO 

0.416 

"      2-6 

0 

O108 

-      7-11 

25 

0152 

Table  IV 

"     12-18 

40 

0209 

Small  While  Rab)»t 

"     1^31 

SO 

0,063 

Sept.    1-12 

0 

0.038 

•'     13-21 

0 

0.069 

these  periods  are  of  different  lengths  in  the  different  animals,  and  in 
a  certain  degree  the  choice  of  limits  for  the  different  periods  is  an 
arbitrary  one ;  this  has,  however,  no  material  effect  upon  the  results. 

These  results  materially  strengthen  the  theory  that  the  phosphates 
are  intimately  concerned  not  only  with  the  neutralization  of  acid 
within  the  body  in  experimental  acidosis  of  rabbits  but  also  with  its 
removal  from  the  body. 

Experiments  are  being  undertaken  in  this  laboratory  to  test  the 
effect  of  acid  feeding  on  the  phosphate  excretion  of  the  carnivora  and 
also  to  test  the  effect  of  the  feeding  of  alkalies  on  phosphate  excretion. 
It  is  planned  also  to  study  the  phosphate  excretion  during  diabetic 
acidosis  in  man. 
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Summary. 

It  is  shown  that  the  feeding  of  acid  to  rabbits  produces  first  a  marked 
increase,  then  a  marked  decrease,  in  the  excretion  of  phosphoric  add 
through  the  urine. 

It  is  pointed  out  that  these  observations  are  in  accord  with  the 
theory  that  in  the  body  phosphates  are  primarily  concerned  with  the 
neutralizing  of  acid  and  with  its  removal  from  the  body,  and  that  they 
strongly  support  that  theory. 

A  sudden  premortal  rise  in  the  excretion  of  phosphoric  acid  in  two 
cases  of  experimental  acidosis  is  reported. 

One.case  of  experimental  acidosis  is  reported  in  which  after  a  great 
rise  and  great  fall  in  the  excretion  of  phosphoric  acid,  upon  discontino- 
ing  the  feeding  of  acid,  the  excretion  of  phosphoric  acid  sank  even 
lower  than  before  and  then  gradually  rose  toward  the  normal  value. 
This  observation  further  supports  the  theory. 
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A  NEW  DECOMPOSITION  PRODUCT  OF  GLIADIN.' 
By  THOMAS   B.  OSBORNE  and  S-  H.  CLAPP. 

[from  Iki  Laieralitry  of  tht  Conntiliatt  Agricultural  Experiment  Statiutl\ 

BY  the  action  of  trypsin  (pancreatin)  on  various  protein  sub- 
stances Emil  Fischer  and  Emil  Abderhalden^  obtained  a 
substance  of  polypeptide  nature  which  contained  all  of  the  proline, 
glycocoll,  and  phenylalanine  that  could  be  detected  in  the  hydrolysis 
solution.  J 

Levene  and  Wallace'  have  recently  investigated  the  prolonged 
action  of  trypsin  on  gelatin  and  succeeded  in  isolating  an  exceed- 
ingly interesting  substance  which  on  hydrolysis  yields  proline  and 
glycocoll  and  in  which  those  two  substances  appear  to  be  linked 
with  anhydride  binding.  Levene  and  Beatty*  have  further  investi- 
gated the  action  of  2$  per  cent  sulphuric  acid  on  gelatin  and  reached 
the  conclusion  that  after  boiling  a  solution  of  4O0  gm.  of  gelatin  in 
3  litres  of  25  per  cent  sulphuric  acid  for  twelve  hours  the  hydrolysis 
is  not  effected  to  the  amino-acids,  but  there  still  remain  substances 
of  a  peptide  character  (gelatoses). 

In  hydrolyzing  our  preparation  of  gliadin  for  the  tyrosine'  deter- 
mination by  protractedly  boiling  the  solution  of  the  protein  in  25 
per  cent  sulphuric  acid,  we  have  succeeded  in  isolating  a  crystalline 
substance  of  definite  character  which  on  vigorous  hydrolysis  yields 
proline  and  phenylalanine.  We  think  it  highly  probable  that  the 
substance  is  a  dipeptide,  as  the  hydrolysis  indicates,  and  we  propose 
to  investigate  it  more  fully  as  soon  as  we  have  sufficient  material  at 
our  disposal.     The  amount  of  this  substance  that  is  obtained  from 

^  The  expenses  of  this  investigation  were  shared  by  the  Connecticut  Agricul- 
tural Experiment  Station  and  the  Carnegie  Institution  of  Washington,  D.  C. 

'  Fischer  and  Abderhalden:  Zeitschrift  fiir  physiologische  Chemie,  1903, 
ixxix,  p.  8!. 

■  Levene  and  Wallace:  Ibid.,  1906,  xlvii,  p.  143. 

*  Levene  and  Beattv  :  Ibid.,  1906,  xlix,  p.  247. 

•  Osborne  and  Clapp:  This  journal,  1906,  xvii,  p.  245. 
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gliadin  is  by  no  means  insignificant,  as  from  i  kg.  we  were  able  to 
isolate  about  4  gm.  of  nearly  pure  substance. 

One  thousand  grams  of  air-dried  gliadin  were  treated  with  a 
mixture  of  25000,0,  water  and  500  c.c,  of  concentrated  sulphuric  acid 
and  heated  at  100°  for  about  six  hours,  until  solution  was  effected. 
The  solution  was  then  boiled  in  an  oil  bath  for  thirteen  hours.  After 
the  quantitative  removal  of  the  sulphuric  acid  with  baryta  the  filtrate 
was  concentrated  and  allowed  to  crystallize  slowly.  The  first  crys- 
tallization consisted  almost  entirely  of  the  new  substance,  while  the 
filtrate  separated  more  but  mixed  with  varying  amounts  of  tyrosine 
and  leucine.  From  the  latter  substances  the  new  decomposition 
product  was  freed  by  precipitation  with  phosphotungstic  acid. 

The  crude  fractions  were  dissolved  in  a  small  volume  of  5  per  cent 
sulphuric  acid  and  phosphotungstic  acid  added  as  long  as  a  precipitate 
formed.'  The  process  was  repeated  until  the  filtrate  no  longer  gave 
the  Millons  reaction.  The  free  acid  was  then  regenerated  by  decom- 
posing with  baryta  in  the  usual  manner  and  after  recrystallizing  from 
water  was  obtained  pure.  It  is  very  difficultly  soluble  in  cold  water, 
much  more  soluble  in  water  at  ioo°,  and  crystallizes  from  this  solvent 
in  long  flat  prisms,  sometimes  perfectly  rectangular,  more  often  with 
modified  ends.  '  When  filtered  dry  by  suction,  the  crystals  exhibit  a 
beautiful  mother-of-pearl  lustre  much  resembling  valine.  Dried  in 
the  air,  the  substance  contains  a  molecule  of  water,  which  it,  for  the 
most  part,  loses  in  vacuum  over  sulphuric  acid,  completely  at  120°. 

I.    0909  gm.  substance,  air  dry,  lost  0.0195  gm.  HiO  at  137°. 

II.     0.3791  gm.  substance,  air  dry,  lost  0.0249  %^-  ^lO  at  127°. 

HI,     0.2789  gm.  substance,  air  dry,  lost  0.0183  gm.  H,0  at  i3a°. 

Calculated  for  C„H„NjO,  ■  H,0  ;  H,0  =  6.43  per  cent. 

Found     I H,0  =  6.70  per  cent. 

"        II "    =6-57   "      " 

"     ni «  =6.53  ■•    ■• 

I.    0.1853    K™-   substance,  dried    at    125°,    gave    0.6697  gm.  COj  and 

0.1745  gm.H,0. 
II.     0.2714    gni,    substance,    dried    at    125°,   gave    0.6362  gm.    COi  and 
0.1733  gm.  H,0. 
III.     0.2606  gm,   substance,    dried   at    115°,   gave  0,6114  gm.   COj  and 
0.1653  gm-  H,0. 

'  Cf.  E.  Fischer  and  E.  Aboerhaldbn  :  Zeitschrift  fiir  pliysiologiache  Chemie, 
1904,  xlii.p.  S40. 
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IV.     0.2432   gm.   substance,   dried   at    125")   gave   13.1  c.c.   moist  N,  at 

754.S  mm.  and  20.5°. 
V.     0.1553  gm.  substance  required  12  c.c.  y'nHCl  {Gunning- Arnold). 
Calculated  for  Ci,H,aNiO,;  C  =  64.12  ;  H  =  6.87  ;  N  10.69  V^^  ""t- 

Foiind      I C  =  64.02  ;  H  =  6.79  per  cent. 

"        n 0  =  63.93;  H  =  7.o5    "      " 

"      HI C  =  63.99;  H  =  7.o5    "      '" 

"      IV N  10.7s  percent.- 


The  substance,  on  rapid  heating,  decomposes  at  about  249"  (uncorr.) 
with  evolution  of  gas  to  a  red  oil.  The  melting  varies,  however,  con- 
siderably with  the  rate  of  heating.  Whether  it  thereby  is  converted 
into  a  ptperazine  we  have  not  as  yet  ascertained. 

On  boiling  the  aqueous  solution  with  copper  hydroxide  a  blue 
color  at  once  appears,  arid  on  concentration  the  copper  salt  separates 
in  well-developed  crystals  belonging  to  the  orthorhombic  system. 
On  exposure  to  the  air  the  deep  blue  crystals  gradually  lose  their 
lustre  and  on  prolonged  standing  disintegrate  to  a  green  powder. 
As  a  consequence  the  water  determinations  were  somewhat  below 
the  calculated  for  three  and  one-half  molecules.  The  copper  salt 
can  also  be  recrystallized  from  absolute  alcohol. 

I.     0.2778  gm.  substance,  air  dried,  lost  0.0436  gm.  HiO  at  115°. 
II.    0.3390  gm.  substance,  air  dried,  lost  0.0535  gm.  H,0  at  115°. 

III.  0.1526  gm.  substance,  air  dried,  lost  0.0238  gm.  HjO  at  115°. 

IV.  0.2731  gm.  substance,  air  dried,  lost  0.0434  gm.  H,0  at  115°. 
Calculated  for  CmH„NiO»Cu  ■  3iH,0  ;  H,0  =  16.30  per  cent. 

Found     I H,0  =  15-69  "  " 

II H,0  =t  15.78  "  " 

"       III H,0  =  15.60  "  " 

IV H,0  =  15.89  "  " 

0.2617  gm.  substance,  dried  at  115°,  gave  0.0640  gm.  CuO. 

0.2341  gm.  substance,  dried  at  115°,  gave  0.4453  Sm.  COj  and  0.1086  gm. 

H,0. 
Calculated  for  CuH|,NjO,Cu ;  0  =  51.92;  H  =  4.94;  Cu  =  19.65  percent. 

Found C  =  51.88;  H  =  s.i5;  Cu  =  19.53  "      " 

The  following  crystallographic  measurements  we  owe  to  the  kind- 
ness of  Prof.  W.  E.  Ford  of  the  Mineralogical  Laboratory  of  Yale 
University : 
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The  crystals  of  the  copper  salt  belong  to  the  orthorhombic  system  and  show 
the  simple  combinations  of  prism,  m  (no),  macro-dome,  d  (loij  and 
macro-pinacoid,  a  (loo),  as  shown  in  the  figures.  The  prism  faces  are 
vertically  striated,  and  the  pinacoid  Jaces  are  always  small,  often  being 
entirely  wanting. 

The  faces  were  not  of  the  character  to  yield  very  good  reflections,  but  the 
results  obtained  by  taking  the  average  of  a  number  of  measuremeots 
cannot  be  far  from  correct.  The  following  angles  were  measured,  those 
marked  with  an  asterisk  being  used  as  the  fundamental  angles  from  which 
the  axial  ratio  was  calculated : 


:b:c 


m  A  m"'=62°3i'» 

i    A    d    ^  64°  44'  ■ 

n  A    d     =  62°  52'  (calculated  = 

:  .6071  :  i.oo  :  .3848. 


Under  the  microscope  with  crossed  nicols  the  oystals  showed  parallel  extinc- 
tion, conHrniing  the  crystallographic  evidence  of  their  orthorhombic 
character. 

Crystals  made  at  two  different  times  showed  the  different  types  of  development 
illustrated  by  the  figures.  Fig.  ■  represents  a  slender  prismatic  habit,  the 
average  dimensions  of  the  crystals  being  5  nim.  x  .5  to  .75  mm. ;  the 
crystals  of  the  other  type  as  shown  in  Fig.  3  were  usually  doubly  termi- 
nated and  much  shorter  and  thicker,  their  average  dimensions  being 
3  to  3  mm.  long  by  3  mm.  in  thickness. 

The  free  substance  is  readily  soluble  in  dilute  alkalies  and  acids. 
Its  aqueous  solution  possesses  no  pronounced  taste.  It  gives  the 
xanthoprotein  reaction  and  the  pyrrol-teat  with  the  spruce  splinter 
on   sublimation.     The   substance  is   lasvo-rotatory  in    20   per   cent 

hydrochloric  acid. 
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0.9293  gm.  dried  at  1 15"  dissolved  in  17.94  c.c,  of  20  per  cent  hydrochloric 
acid  rotated  4.24°  to  the  left  at  ao°,  in  a  a  dcm,  tube,  from  which  is 
calculated  (a)"°w  =  — 40.93°.  1.2288  gm.  of  another  preparation  of 
anhydrous  substance  dissolved  in  17.94  c.c.  ao  per  cent  hydrochloric 
acid  rotated  5.69°  to  the  left  at  20°,  in  a  2  dcm.  tiibe,  from  which  is 
calculated  (a)*"  u  =  —  41.55°.  After  standing  for  two  hours  at  20° 
there  was  no  appreciable  change  in  rotation. 

HydrolyaU.  —  0.9300  giti.  substance  were  heated  with  35  c.c.  of 
20  per  cent  hydrochloric  acid  in  the  sealed  tube  (or  three  hours  at 
118°  and  for  three  hours  at  125.°  The  solution,  which  was  only  very 
slightly  colored,  was  concentrated  on  the  water  bath  to  small  volume. 
On  cooling  there  separated  0,42  gm.  of  phenylalanine  hydrochloride. 
This  was  recrystallized  from  strong  hydrochloric  acid,  and  0.34  gm. 
obtained,  which  was  converted  to  the  free  acid  by  evaporation  with 
ammonia  and  the  phenylalanine  recrystallized  from  water.  It  sepa- 
rated in  the  characteristic  crystals  of  phenylalanine,  which  heated 
side  by  side  with  a  preparation  of  the  pure  substance  from  phaseolin 
decomposed  simultaneously  with  the  latter  at  about  280°  (uncorr.). 

It  gave  on  boiling  with  potassium  bichromate  and  dilute  sulphuric 
acid  the  characteristic  odor  of  phenylacetaldehyde.  For  identifica- 
tion a  small  portion  was  converted  into  the  characteristic  copper 
salt.' 

0.0644  gi"-  substance,  dried  at  110°,  gave  o.oi3o.gm.  CuO. 

Calculated  for  Ci.H.oO^NjCu,  Cu  =  16.23  P"  cent. 

Found Cu  =  16.15   "     " 

The  phenylcyanate  derivative  melted  at  i79''-i8o''  (corr.)  and  gave 
the  following  analysis : 

0.2135  S"'*-  substance,  dried  at  100°,  gave  0.5298  gm.  00,  and  0.1103  gm. 
H,0. 

Calculated  for  C„HitNjO, ;  C  =  67.61,  H  5.63  per  cent. 
Found C  =  67.68,  H  5,74    "      " 

The  filtrate  from  the  phenylalanine  hydrochloride  was  freed  from 
hydrochloric  acid  and  the  dried  crystalline  residue  extracted  with 
boiling  alcohol. 

For  identification  the  solution  of  the  proline  in  alcohol  was  evapo- 

'  Cf.  ScHULZE  and  Wintekstkin  :  Zeitschrift  fiir  physiologische  Chemie, 
1903,  XXXV,  p.  210. 
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rated  to  dryness,  and  the  proline  racemized  by  dissolving  in  wattr 
and  heating  with  baryta  in  the  autoclave  at  140°  for  six  hours.  On 
boiling  (he  racemic  substance  with  alcohol  there  remained  undis- 
solved 0.1 1  gm.  of  pure  phenylalanine,  while  the  weight  of  alcohol 
soluble  product  was  0.44  gm.,  while  the  calculated  is  0.41  gm.  of 
proline.  The  total  weight  of  pure  phenylalanine  obtained  ms 
0-39  g""- .  '»'■  67  per  cent  of  the  calculated  quantity  for  the  dipeptide. 
The  racemized  proline  was  identified  as  the  copper  salt.  It  cryt 
tallized  in  plates,  and  when  dried  at  1 10°  assumed  the  characteristic 
lilac  color.     It  gave  on  sublimation  the  pyrrol-test. 

0.0893  S™-  substance,  air  dried,  lost  0.0099  gm.  H^O  at  110°. 
0.0780  gm.  substance,  dried  at  110°,  gave  o.oiii  gm.  CuO. 
Calculated  for  C,oH„N,OiCu     z  H,0  ;  H,0  =  i  r.oo  per  cent. 

Found H,0=  11.09   "      " 

Calculated  for  CioH„N,0,Cu.     Cu  =  ai.79  per  cent. 
Found Cu  =  2i.64   "      " 

We  are  at  present  engaged  in  further  investigation  of  the  proper- 
ties of  this  decomposition  product  of  gliadin.  In  conclusion  we  wish 
to  express  indebtedness  to  Professor  Ford  for  the  measurements  of 
the  crystals  of  the  copper  salt. 
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THE  INFLUENCE  OF  DIGITALIS.  STROPHANTHUS,  AND 
ADRENALIN  UPON  THE  VELOCITY  OF  THE  BLOOD 
CURRENT. 

By  CHARLES  WALLIS   EDMUNDS. 
Ifrmn  tie  FAarmoielcgical  Labtratsry  of  the  University  of  Michigan^ 

Introduction  and  Method. 

IN  considering  the  factors  which  influence  the  velocity  of  the  blood 
current.  It  may  be  said  that  there  are  two  which  completely  over- 
shadow all  others  in  importance,  namely,  the  efficiency  of  the  heart  and 
the  peripheral  resistance.  From  the  pharmacological  point  of  view, 
no  drugs  have  such  a  characteristic  action  on  the  two  factors  men- 
tioned as  the  members  of  the  digitalis  series,  and  it  seemed  desirable, 
therefore,  to  study  them  a  little  further  in  their  relation  to  the 
velocity  of  the  blood  stream  and  to  try,  if  possible,  to  explain  their 
effects. 

The  first  to  investigate  this  question  was  Kramnik,'  who  noted  that 
in  small  doses  digitalis  increased  the  rate  of  flow,  while  in  larger  doses 
the  current  was  slowed. 

Hemmeter,^  using  various  preparations  of  digitalis,  found  only  great 
retardation  in  the  blood  flow,  the  mean  velocity  falling  from  a  normal 
of  165.16  mm.  per  second  to  9S.6  mm.  He  explained  this  as  being 
due  to  a  lessened  activity  of  the  heart  with  an  increased  peripheral 
resistance.  Gottlieb  and  Magnus*  in  their  works  on  the  vascular 
action  of  this  group,  say  that  all  the  digitalis  bodies  hold  this  in  com- 
mon, that  they  produce  a  strong  acceleration  of  the  blood  current, 
first  through  the  blood  pressure  increase  and  second  through  the  nar- 
rowing of  the  stream  beds.     Both  Kramnik  and  Hemmeter  employed 

*  Kramnik:  Moskauer  pharmacobgische  Arbeiten,  p.  143;  cited  in  Virchow- 
Hirsch'a  Jahresbericht,  1876,  ii,  p.  433. 

*  Hkmmbter  :  Medical  Record,  1891,  xl,  p.  292. 

*  Gottlieb  und  Magnus:  Archiv  fur  experimeDielle  Pathologie  und  Pharma- 
cologic, 1901,  xlvii,  p.  163. 
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Ludwig's  stromuhr,  and  while  this  instrument  has  proved  about  as 
satisfactory  as  any  devised  for  the  purpose,  many  objections  have 
been  urged  against  it,  and  Stewart^  has  introduced  a  very  ingenious 
electrical  method  of  measuring  the  velocity  of  the  blood  flow  which 
offers  many  advantages  over  the  stromuhr. 

This  method  rests  upon  the  fact  that  the  electrical  conductivity  of 
the  blood  depends  mainly  upon  the  salts  dissolved  in  it.  By  the 
injection,  at  one  point  of  the  circulatory  system,  of  a  small  amount  of 
a  strong  salt  solution  which  will  be  carried  in  the  blood  stream  to 
another  point  where  the  electrical  resistance  of  the  blood  is  being 
measured  by  a  galvanometer,  the  stronger  salt  solution,  at  its  moment 
of  arrival,  will  alter  the  resistance,  giving  a  deflection  of  the  galva- 
nometer.  The  time  between  the  moment  of  injection  and  that  of  de- 
flection is  measured  by  a  stop  watch.  It  is  true  this  does  not  give 
the  actual  circulation  time,^  but  rather  the  shortest  time  it  takes  the 
blood  to  pass  between  any  two  given  points  in  the  circulatory  system, 
and  would  be  more  nearly  the  velocity  of  the  axial  stream  which, 
according  to  Poiseuille  and  v.  Kries,  is  double  the  mean  velocity. 

The  method  is  carried  out  as  follows,  fuller  details  being  found  in 
the  excellent  description  in  Stewart's  article  referred  to.  After  the 
animal  is  anxsthetized  a  cannula  for  injecting  the  salt  solution  is  tied 
into  any  vessel  that  it  may  be  desired  to  start  measuring  the  time 
from.  Another  vessel  where  it  is  wished  to  place  the  electrodes  for 
the  galvanometer  connection,  is  then  dissected  free  from  its  surround- 
ing tissue  for  a  distance  of  two  or  three  centimetres  according  to  its 
location. 

The  best  form  of  non-polarizable  electrode  is  probably  the  kaolin 
and  zinc  sulphate  combination  in  glass  tubing  which  may  be  drawn 
out  into  a  hook  with  an  opening  in  it  against  which  the  vessel  may 
rest  in  contact  with  the  exposed  kaolin.  The  electrodes,  held  by 
clamps,  are  placed  about  i  centimetre  apart;  this  distance  being 
varied  according  to  the  location  of  the  vessel  used  and  the  length 
isolated.  The  vessel  is  then  insulated  from  the  surrounding  tissues 
by  means  of  thin  rubber  dam,  unless,  as  can  be  done  in  some  cases, 
the  neighboring  tissues  are  drawn  back  from  all  contact  with  the 
electrodes.     The  zinc  terminals  which  rest  in  the  sulphate  solution  of 

•  Stewart:  Journal  of  physiology,  1894,  xv,  p.  1. 

*  It  might  be  explained  that  in  this  paper  the  phrases  "velocity  of  the  blood  " 
and  "circulation  time"  are  used  in  a  loose  sense,  as  convenient  terms,  rather  than 
in  the  strict  sense,  as  defined  in  works  on  physiology. 
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the  electrodes  are  connected  in  the  circuit  with  a  Wheatstone  bridge 
and  a  resistance  box  of  the  post-office  type  and  a  D'Arsonval  galva- 
nometer. The  resistance  in  the  arms  of  the  bridge  in  most  of  my 
experiments  was  in  the  ratio  of  100 :  1000,  although  in  a  few  it  was 
iooo:rooo.  The  galvanometer  was  arranged  to  throw  a  beam  of 
light  on  a  scale  which  was  located  about  two  feet  from  the  instrument, 
so  that  the  deflection  could  be  seen  by  an  assistant,  who  at  the  moment 
of  injection  closed  the  key  of  an  electric  signal  which  wrote  on  the 
kymograph  directly  under  the  blood  pressure  tracing.  In  my  first 
experiments  I  did  not  record  the  blood  pressure,  but  very  soon  found 
that  it  was  necessary  to  do  so  in  order  to  get  the  heart  rate  and  the 
height  of  the  blood  pressure,  that  they  might  help  explain  the  changes 
in  the  circulation  time  found,  as  well  as  indicating  the  stage  of  action 
of  the  drug  employed. 

The  animals  used  were  dogs  and  rabbits.  The  latter  I  found  very 
satisfactory  to  work  with  when  T  was  investigating  the  effects  of 
adrenalin  and  digitalis.  With  digitaleJn  and  strophanthin  I  used 
dogs  in  working  on  the  pulmonary  and  peripheral  circulations,  but 
rabbits  in  investigating  the  portal  area,  for  reasons  which  will  be 
mentioned  later.  The  rabbits  were  anaesthetized  with  paraldehyde, 
given  by  the  stomach,  1.7  c.c.  per  Kg,  of  body  weight,  while  the  dogs 
were  given  morphine  and  chloretone,  about  0.20  G.  of  the  former 
being  administered  subcutaneously'  three  or  four  hours  before  the 
operation  and  2  to  4  G.  of  chloretone  dissolved  in  a  few  cubic  centi- 
metres of  alcohol  given  by  the  stomach  at  the  time  of  the  operation. 
These  anaesthetics  have  proved  very  satisfactory  during  the  several 
years  that  they  have  been  used  in  this  laboratory,  giving  a  uniform 
anaesthesia  and  having  little  effect  on  the  circulation. 

To  maintain  the  body  temperature  of  the  animals  and  to  lessen 
shock,  I  used  a  galvanized  iron  tank  operating  board,  which  was  filled 
with  warm  water  kept  at  a  fairly  even  temperature  during  the  experi- 
ment. The  animals  were  then  partially  covered  by  another  similar 
water  tank,  or,  in  case  this  could  not  be  used  for  lack  of  room,  they 
■were  covered  by  towels.  By  these  means  the  rectal  temperature  was 
kept  at  about  38"  or  39°  C,  as  was  proved  by  frequent  observation. 

Perhaps  the  most  important  matter  in  the  manipulations  was  the 
salt  solution  used.  In  the  first  place  it  had  to  be  injected  at  as  nearly 
a  constant  temperature  as  possible.  By  means  of  a  water  bath  it  was 
always  kept  at  39°  C,  thus  allowing  for  a  slight  cooling  during  the 
time  it  was  drawn  up  into  the  warmed  syringe  preparatory  to  its 
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injection.  The  constant  temperature  was  very  important  as  a  dif- 
ference of  1°  would  cause  a  distinct  alteration  in  the  circulation  time. 
The  strength  of  the  solution  was  varied  with  the  different  animals, 
using  it  only  strong  enough  to  cause  a  distinct  deflection  of  the 
galvanometer.  With  medium-sized  rabbits  (2500  G.)  2  c.c.  of  a- 
2\  per  cent  solution  was  very  good  provided  it  had  to  pass  through 
only  one  set  of  capillaries  before  reaching  the  electrodes.  With  larger 
rabbits  (3500  G.)  4  per  cent  or  5  per  cent  solutions  had  to  be  used,  as 
will  be  noted  in  the  protocols  to  be  given  later.  If  solutions  stronger 
than  these  were  employed,  the  effects  were  at  once  shown  by  the 
animal  giving  a  slight  convulsive  movement  accompanied  by  an 
alteration  in  the  respiration.  These  disturbances  had  to  be  avoided, 
and  the  blood  pressure  tracings  rarely  showed  any  irregularity  except 
that  due  to  mechanical  influences.  In  the  dogs  stronger  solutions 
had  to  be  utilized.  In  the  smaller  animals  4  c.c.  of  a  10  per  cent 
solution  was  strong  enough,  while  in  larger  dogs  (15  to  20  K.)  it 
was  necessary  to  use  4  c.c.  of  a  20  per  cent  solution.  The  greater 
capacity  of  the  heart  and  the  larger  bulk  of  blood  allowed  so  much 
greater  opportunity  for  dilution  of  the  salt  solution  that  even  in  these 
strengths  it  caused  no  circulatory  disturbance,  except  in  one  or  two 
animals,  where  an  occasional  irregularity  of  the  heart  appeared. 

I  found  it  necessary  to  measure  the  velocity  of  the  blood  stream  at 
three  points.  In  the  greater  circulation  it  had  to  be  measured  twice, 
namely,  in  the  splanchnic  area  and  in  the  peripheral  vessels  proper. 
The  necessity  for  these  two  measurements  is  due  to  the  fact  that  the 
resistance  in  these  two  channels  may  be  altered  in  opposite  directions 
under  vasomotor  influence,  or  constriction  may  occur  in  ojie  area 
while  the  other  may  not  be  affected,  so  that  the  velocity  of  the 
current  may  be  affected  differently  in  the  different  parts  of  the 
vascular  system.  The  total  effect  of  the  drug  would  be  shown  in 
the  pulmonary  circulation,  which  would  require  but  one  measurement, 
as  here  all  the  blood  takes  the  one  route. 

The  pulmonary  circulation  time  was  measured  in  the  same  way  in 
all  the  experiments  —  from  one  jugular  vein  where  the  salt  solution 
was  injected  to  a  carotid  artery  where  the  electrodes  were  placed. 
This,  as  has  been  pointed  out  by  Stewart,  will  give  more  than  the 
true  pulmonary  time,  because  in  rabbits  there  is  a  distance  of  about 
1.5  to  2  cm.  from  the  cannula  to  the  right  auricle  and  about  4  cm. 
from  the  left  ventricle  to  the  electrodes,  and  figuring  the  velocity  of 
the  current  in  the  arteries  and  veins  and  adding  the  fraction  of  a 
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second  it  would  spend  in  the  heart,  he  considers  the  actual  readings  to 
be  about  0.35  second  over  the  exact  pulmonary  time.  However,  in 
my  work  this  small  excess  would  be  of  no  importance,  as  it  would  be 
the  same  under  the  drug  as  it  was  in  the  controls. 

To  measure  the  portal  (splanchnic)  circulation  time,  the  injection 
was  innde  in  rabbits  into  the  left  carotid,  while  the  electrodes  were 
placed  on  the  superior  mesenteric  vein.  This  vessel  was  reached  by 
a  longitudinal  incision  made  about  2  cm.  to  the  right  of  the  median 
line.  The  intestines  being  packed  off  to  the  left,  the  vessel  could  be 
isolated  very  easily,  as  for  about  2  cm.  of  its  course  it  has  no  side 
branches.  Several  attempts  were  made  in  dogs  to  get  the  portal 
time  in  the  same  way,  but  the  great  difficulty  was  that  the  mesenteric 
vessel  was  so  close  to  the  liver  that  it  was  impossible,  on  account  of 
the  respiratory  movements,  to  prevent  slight  movement  of  the  vessel 
on  the  electrodes,  thus  causing  alterations  in  the  resistance,  producing 
constant  swinging  of  the  galvanometer.  Efforts  were  also  made  to 
use  smaller  branches  of  the  mesenteric  veins,  but  the  same  difficulty 
was  experienced,  although  to  a  less  degree,  depending  upon  the 
length  of  the  mesentery.  The  main  trouble  experienced  here  was 
injury  to  the  vein  walls  produced  when  separating  the  vein  from  the 
artery.  This  traumatism  was  followed  at  once  by  extensive  hem- 
orrhage into  the  vascular  or  perivascular  tissues  and  immediate 
clotting  in  the  vessel.  All  the  portal  measurements  were  therefore 
made  on  rabbits. 

The  peripheral  circulation  time  in  rabbits  was  taken  from  the  left 
carotid  artery,  where  the  salt  was  injected,  to  the  inferior  vena  cava, 
which  was  isolated  for  a  distance  of  about  2  cm.,  as  near  toils  origin 
as  convenient.  The  most  satisfactory  point  found  to  measure  the 
peripheral  time  in  dogs  was  from  the  external  carotid  to  the  femoral 
vein  just  below  Poupart's  ligament.  Criticisms  might  be  made  to 
the  injections  being  given  into  the  carotid  on  the  ground  that  the 
injected  salt  solution  is  propelled  by  the  force  of  the  syringe  and  not 
carried  by  the  blood  stream  itself.  This  objection  cannot  be  entirely 
overcome,  but  was  minimized  by  using  no  undue  force  at  each  injec- 
tion and  trying  to  make  them  as  uniform  !n  this  respect  as  possible. 
The  only  way  to  avoid  this  difficulty  completely  with  the  portal  and 
peripheral  systems  would  have  been  to  inject  into  a  vein.  This  could 
not  be  done  for  two  reasons:  it  would  have  required  stronger  salt 
solution  for  the  two  sets  of  capillaries,  and  then  it  would  not  have 
given  the  pure  peripheral  or  portal  circulation  time,  as  the  pulmonary 
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vessels  would  be  included,  and  any  marked  change  here  might  obscure 
alterations  in  the  other  two  areas.  That  this  latter  objection  is  not 
purely  hypothetical  was  proved  in  some  of  the  experiments  in  which 
a  modification  of  this  method  was  used. 

The  drugs  employed  were  adrenalin  (Takamine)  dissolved  in  boil- 
ing salt  solution;  the  U.  S.  P.  fluid  extract  of  digitalis;  and  the 
glucosides,  djgitalein  (Merck),  and  strophanthin  dissolved  in  water, 
the  solutions  being  made  up  fresh  each  time.  A  number  of  experi- 
ments were  made  with  each  drug,  but  only  one  protocol  of  each  need 
be  given,  as  they  were  all  essentially  alike,  except  as  noted. 

In  the  protocols  given,  all  readings  are  omitted  which  there  was 
any  reason  to  call  in  question.  Difficulties  arose  many  times  during 
an  experiment,  the  most  common  cause  being  slight  movement  of  the 
vessel  on  the  electrode  with  a  consequent  swinging  of  the  galva- 
nometer that  made  accurate  readings  impossible.  All  such  readings 
were  recorded  at  the  time  as  untrustworthy  and  are  therefore 
omitted. 

Adrenalin  (Action  on  Rabbits).' 

Protocol  I.  —  January  30,  1906.  Pulmonary  circulation  time.  Rabbit 
3900  G.  4.9C.C  paraldehyde.  Salt  solution  (ace,  2^  per  cent,  tempera- 
ture 39°  C.)  injected  into  le It  external  jugular  vein.  Electrodes  on  right 
carotid  3J  cm.  from  arch  of  aorta.  Blood  pressure  laken  from  left  caro- 
tid. Adrenalin  injected  into  jugular  vein.  Temperature  of  animal 
during  experiment  39°  C.     Arms  of  resistance  box  roo:  looo. 

Number.  Time.         CircuUlion  lime.        Heart  rate.  Blood  pressure. 


6  3.23  4i   "  195  135      " 

7  3.27  41   "  210  132       " 

Protocol  n.  —  January  30,  1 906.  Peripheral  circulation  time.  Rabbit  same 
as  Protocol  I.  Salt  solution  (a  c.c,  10  per  cent,  temperature  39"  C-) 
injected  into  left  carotid.  Electrodes  on  inferior  vena  cava.  AdreoaliD 
injected  into  branch  of  external  jugular  vein. 

>  For  convenience  the  discussion  of  the  effect  of  adrenalin  on  dogs  will  be  given 
later,  p.  147. 
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2J  ■■ 
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240 


124 


Protocol  in, —  February  5,  1906.  Portal  circulation  time.  Rabbit  1570  G. 
4.4  c.c.  paraldehyde.  Injection  or  salt  solution  (z  c.c,  5  per  ceot)  into 
left  carotid,  3^  cm.  from  arch  of  aorta.  Electrodes  on  superior  mesen- 
teric  vein.  Blood  pressure  from  right  carotid.  Adrenalin  injected  into 
jugular  vein. 


Number. 


Timi 


Circulation  rime.         Hearl  rate. 

3)  sec,  300 

31    "  2SS 

3!   "  285 

3J   "  240 

6i   "  195 

6i   '■  195 

3i  "  ZIO 

4*   "  22s 

4i  "  225 


Blood  pressure. 


There  can  be  no  doubt  but  that  the  effect  of  adrenalin  upon  the 
velocity  of  the  blood  current  in  rabbits  is  to  slow  it  very  greatly. 
This  result  was  confirmed  in  many  other  experiments  not  given  here. 

The  cause  of  the  slowing  which  takes  place  in  the  entire  blood 
stream,  as  shown  by  the  pulmonary  observations,  must  primarily  lie 
in  the  greater  circulation.  It  is  there  that  the  vessels  are  contracted 
and  the  blood  pressure  increased,  mainly  on  account  of  the  increased 
peripheral  resistance.  This  increased  pressure  in  the  aorta,  with 
which  for  a  short  time  the  ventricle  is  able  to  cope,  finally  prevents 
the  heart  from  emptying  itself  completely,  and  it  dilates,  as  has  been 
shown  in  plethysmographtc  tracings  by  Elliott,'''  who  found  great  dis- 
tention of  the  chambers,  the  volume  of  the  heart  increasing  propor- 
tionately with  the  rise  of  blood  pressure.  The  blood  backs  up  into 
the  pulmonary  vessels,  and,  as  Elliott  found,  there  is  a  rise  in  the 
venous  pressure. 


Digitized  by  Google 


1 36  Charles   Wallis  Edmunds. 

There  can  be  little  doubt  that  this  back  pressure  is  the  cause  of  the 
retardation  in  the  pulmonary  area.  Bradford  and  Dean  *  found  that 
"back  pressure"  is  produced  if  the  systemic  blood  pressure  is 
raised  in  other  ways,  as,  for  instance,  by  clamping  the  aorta.  Here 
the  systemic  blood  pressure  is  enormously  raised,  but  no  change 
takes  place  in  the  pulmonary  pressure  unless  the  compression  lasts 
longer  than  ten  seconds,  in  which  case  it  will  be  slightly  increased. 
This  result  they  no  doubt  rightfully  ascribe  to  "  back  pressure."  A 
factor  which  would  tend  to  overcome  this  obstruction  to  the  pulmo- 
nary outflow  would  be  the  direct  action  of  the  adrenalin  on  the  right 
side  of  the  heart  increasing  its  efficiency.  The  back  pressure  through 
the  left  side  of  the  heart  added  to  the  action  on  the  right  heart  would 
doubtless  raise  the  pulmonary  pressure  considerably  were  the  pulmo- 
nary vessels  not  able  to  dilate  and  take  care  of  the  excess  of  blood. 
Also  it  must  not  be  overlooked  that  the  right  heart  may  be  rendered 
less  efficient  by  vagus  action,  dilate  and  give  a  rise  in  venous  pressure, 
as  described  by  Elliott. 

The  pulmonary  vessels  themselves  probably  are  not  acted  upon  by 
the  adrenalin  or  only  to  a  very  slight  degree.  Brodie  and  Dixon" 
say  that  it  dilates  them,  while  Gottlieb^  argues  on  theoretical  grounds 
that  an  action  by  adrenalin  on  the  lung  vessels  is  very  improbable, 
and  quotes  Gerhardt  in  support  of  his  contention  to  the  effect  that 
while  the  vagi  are  intact  adrenalin  exerts  on  the  vessels  only  a  very 
slight  influence,  but  when  the  vagi  are  cut  the  vessels  remain  com- 
pletely inactive.  The  stowing  in  the  pulmonary  time  under  adrenalin 
can  scarcely  therefore  be  primary  but  secondary  to  the  systemic 
changes,  and  here  the  retardation  might  be  produced  cither  by  les- 
sened efficiency,  or  slowing  of  the  heart,  or  increased  peripheral 
resistance.  The  latter,  being  such  an  important  result  of  adrenalin 
action,  was  first  investigated.  The  readings  of  the  three  experiments 
were  arranged  in  the  order  of  blood  pressure  heights  with  the  results 
given  in  table  on  page  137. 

The  readings  arranged  in  this  manner  show  with  very  few  excep- 
tions that  with  increasing  pressure  there  is  progressive  slowing  of  the 
btood  current,  the  two  apparently  standing  in  very  close  relations. 
This  does  not  exclude  the  rate  of  the  heart  from  being  of  importance, 

'  Bradford  and  Dean:  Journal  of  physiology,  1894,  xvi,  p.  34. 
'  Brodie  and  Dixon^  Ibid.,  1904,  xxx,  p.  476. 

»  r.OTiLIEIi:  Archiv  fiir  experi  men  idle  Pathologic  und  Pharmacologie,  1900, 
xliii,  p.  300. 
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as  indeed  it  must  be.  However,  in  the  many  attempts  that  were 
made  to  arrange  the  readings  in  accordance  with  this  factor,  in  most 
cases  no  close  relation  between  them  could  be  made  out,  probably 
because  the  pressure  changes  were  so  marked  as  to  conceal  the  other 
influence.  This  was  not  always  the  case,  as  may  be  seen  in  revised 
Protocol  I  given  below,  in  which  with  increasing  rate  of  the  heart 


From  Protocol  I. 

From 

Protocol  II. 

From  Protocol  III. 

Height. 

Kate. 

Time. 

Height. 

Rate. 

Time. 

Height. 

Rale. 

Time. 

135 

195 

Ti 

124 

240 

"i' 

118 

195 

6i' 

132 

210 

♦i 

120 

255 

H 

116 

195 

6i 

96 

255 

4 

110 

270 

sr 

82 

225 

4i 

70' 

2S5 

2i 

90 

255 

3* 

60 

225 

4* 

S6 

255 

S 

30 

210 

H 

30> 

Z45 

2i 

22 

240 

n 

'  Average  of  controls 

'  Recorded  slowly. 

there  was  a  lowering  of  the  circulation  time.     Protocols  II  and  III 
show  no  such  close  relation. 

In  considering  further  the  effect  of  the  heart  rate  there  were  found 
scattered  through  the  experiments  many  readings  in  which  the  pres- 
sure was  practically  exactly  alike  in  two  succeeding  readings,  the 
only  difference  being  in  the  rate  of  the  heart.  In  such  cases,  if  the 
two  rates  did  not  differ  from  one  another  more  than  5  per  cent  or  8 
per  cent,  the  readings  were  usually  found  the  same,  while  if  there  was 
a  difference  of,  say,  10  per  cent  or  over,  the  velocity  of  the  current 
would  be  found  to  be  changed.  This  may  be  readily  understood 
when  we  consider  that  in  many  of  the  animals  the  heart  was  beating 
about  250  times  to  the  minute.  Contractirig  at  this  rale,  it  may  be 
questioned  whether  it  had  time  to  fill  properly  during  its  short  dias- 
tole, and  if  not,  a  change  of  fifteen  or  twenty  beats  to  the  minute 
would  have  little  effect  on  its  efficiency.  If,  on  the  other  hand,  the 
slowing  exceeded  more  than  10  per  cent,  then  it  began  to  make  its 
influence  felt  on  the  rate  of  the  blood  stream,  although  in  some  of 
these  cases  even  with  the  slower  heart  there  was  an  increased  velocity 
of  the  stream. 
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This  question  of  the  influence  of  pressure  and  heart  rate  upon 
velocity  was  studied  in  a  more  direct  way  by  slowing  the  heart  with 
pilocarpine  and  maintaining  at  the  same  time  a  uniform  blood  pres- 
sure. The  latter  was  accomplished  by  applying  tightly  around  the 
animal's  abdomen  a  rubber  bag  10  cm.  wide,  and  then  inflating  the 
bag  with  air  until  the  pressure  on  the  animal  was  sufficient  to  raise 
the  blood  pressure  enough  to  overcome  the  fall  due  to  the  pilocarpine. 
This  experiment  gave  the  following  readings  : 

Protocol  IV — January  ii,  1906.  Rabbit  3100  G.  s-'  '^■^  paraldehyde. 
Injection  t  c.c,  2\  per  cent  NaCI  into  left  jugular  vein.  Electrodes  on 
left  carotid.  Uniform  blood  pressure  maintained  by  means  of  rubber 
bag  to  abdomen. 


sartra 

te. 

Circulation  ti 

315 

ZJaec. 

4mg. 

pilocBrpine  in  salt  solutioi 

1  injecled. 

270 

2Mec 

225 

31   " 

150 

3i  - 

1  mg.  atropine  injected. 

300 

2*  sec 

These  results  show  in  general  that  with  slowing  of  the  heart  there 
is  an  increase  in  the  circulation  time.  It  will  be  noticed  that  the  read- 
ings for  the  various  heights  are  not  arranged  in  an  exactly  regular 
order,  but  this  point  will  be  taken  up  a  little  later. 

The  influence  on  the  circulation  time  of  changes  in  blood  pressure 
with  a  uniform  heart  rate  was  investigated  in  a  similar  way.  The 
rubber  bag  was  applied  to  the  rabbit's  abdomen  as  before,  and  was 
inflated  to  varying  degrees  in  order  to  bring  the  blood  pressure  to 
any  required  point  which  would  correspond  more  or  less  closely  with 
a  pressure  which  might  be  obtained  with  adrenalin.  The  results  of 
these  observations  with  a  heart  rate  of  270  are  arranged  in  the  order 
of  the  pressure  heights- 
Blood  pressure.  Pulmonary  circulalion  time. 

116  Hgnim.  2\  sec.  (Z  readings). 

112        "  2J    '■ 

106        "  21    " 

10*        "  2J    " 

102     "  aj  •• 

96        "  2}    " 
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Here,  as  in  the  previous  experiments,  two  of  the  readings  may  be  said 
to  be  irregular,  but  with  those  exceptions  there  is  a  remarkably  close 
relationship  between  the  peripheral  resistance  and  the  velocity  of  the 
blood  current;  with  increasing  resistance  there  is  progressive  slow- 
ing of  the  stream. 

As  there  can  be  in  this  experiment  no  question  of  a  direct  action  on 
the  lungs,  the  slowing  in  the  pulmonary  circulation  must  be  secondary, 
as  discussed  above,  being  either  due  to  "back  pressure"  through  the 
heart,  or  it  might  possibly  be  due  to  interference  to  the  passage  of 
the  blood  from  the  arteries  to  the  veins  and  thus  to  the  right  side 
of  the  heart. 

In  regard  to  the  "irregular  readings"  which  have  been  mentioned 
from  time  to  time  and  which  suddenly  come  in,  apparently  without 
any  relation  to  heart  rate  or  blood  pressure,  it  may  be  said  that  it  is 
not  surprising  that  they  should  be  found,  but  is  rather  surprising  that 
they  are  not  more  frequent.  For  instance,  Dogiel  found  the  mean 
velocity  of  the  blood  in  a  dog's  carotid  to  vary  greatly  from  second 
to  second,  one  series  of  his  readings  being  as  follows:  489,  733,  386, 
349,  and  489  mm.  per  second.  In  a  rabbit  he  found  it  to  vary  from 
94  mm.  per  second  to  226  mm.  per  second.  Also  Schafer  says  "  the 
velocity  in  any  particular  artery  bears  no  absolute  relation  to  pulse 
frequency  or  general  arterial  tension."  Such  may  indeed  be,  and  no 
doubt  is  the  case,  but  in  the  very  large  number  of  observations  made 
in  the  course  of  this  research  it  has  happened  very  frequently  that 
many  readings  that  were  alike  in  the  course  of  one  experiment 
and  which  might  be  taken  an  hour  or  more  apart,  were  found,  on 
studying  the  blood  pressure  tracing  later,  to  be  associated  with 
practically  or  exactly  the  same  heart  rate  and  pressure.  Again  a 
number  of  consecutive  readings  taken  at  intervals  of  two  or  three 
minutes  would  usually  be  exactly  alike,  certainly  giving  the  idea  that 
the  velocity  of  the  blood  was  very  much  more  uniform  than  Dogiel's 
readings  would  indicate.  Nevertheless,  as  pointed  out,  there  are 
occasionally  these  sudden  isolated  readings,  the  cause  of  which  it  is 
impossible  to  explain.  They  might  be  due  to  altered  efficiency  of  the 
heart,  but  this  would  be  expected  to  show  itself  in  the  blood  pres- 
sure, or  perhaps  to  some  temporary  disturbance  in  the  ability  of  the 
heart  to  receive  its  normal  amount  of  blood.  Then  also  a  contraction 
of  the  arterioles  supplied  by  the  main  vessel  under  consideration  at 
the  time  might  be  entirely  compensated  by  a  local  dilatation  of  some 
vessels  elsewhere,  the  effects  of  the  two  balancing  one  another  and 
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so  making  no  change  in  the  blood  pressure,  but  an  alteration  in  the 
velocity  of  the  current  ;  retardation  in  the  contracted  area  with 
acceleration  through  the  dilated  area.  The  vast  majority  of  the 
observations,  however,  are  very  uniform  ;  any  changes  being  usually 
easily  explained  by  variations  in  the  blood  pressure  or  pulse  rate. 

The  action  of  adrenalin,  then,  upon  the  velocity  of  the  blood 
stream  in  rabbits  is  to  slow  it;  this  retardation  being  dependent 
partly  upon  increased  peripheral  resistance  and  partly  upon  slowing 
of  the  heart. 

Strophanthin, 

The  action  of  strophanthin  was  studied  in  the  same  way  as  that  of 
adrenalin,  dogs  being  used  instead  of  rabbits,  except  in  the  study  of 
the  portal  circulation.  The  pulmonary  time,  as  stated  earlier,  was 
taken  from  the  external  jugular  vein  to  the  carotid  artery;  the  portal 
time  from  the  carotid  to  the  mesenteric  vein,  and  the  peripheral  from 
the  carotid  to  the  femoral  vein. 

Protocol  V.  —  March  zi,  1906.  Pulmonary  circulation  time.  Large  dog. 
zoo  mg.  morphine.  2  G.  chloretone  in  8  c.c.  alcohol.  Salt  solution 
(4  c.c,  ao  per  cent,  temperature  39°  C.)  injected  into  left  jugular  vein. 
Electrodes  on  right  carotid  artery.  Blood  pressure  from  left  carotid. 
Strophanthin  injected  into  saphenous  vein. 


Observat 


4isi 


Heart  if 


3.4S 

Sji   "                          130 

88       ■ 

3.46 

5i    "                         140 

94 

3.47 

41    ■'                            144 

100       " 

3.4S 

4!    "                         156 

100      ■ 

3,49 

1  mg.  alrophanthin  in  salt  aolu 

on  injected. 

3.49* 

i%  sec.                          156 

106  Ilg 

3..S0' 

3J    ■'                            1S6 

114       " 

3.SZ 

41    ■'                            130 

114       " 

3.S3 

41    "                            120 

no     ■' 

3.56 

4S    "                            130 

108       ' 

3.S9 

4^    ■■                         130 

no     ' 

4.02 

4i    '•                            120 

no     ' 

4.04 

0.5  mg.  strophanthin  i 

jected.- 

4.05 

5    »ec.                          100 

128  Hg  r 

4.06* 

S      •■                              95 

140    " 

415 

1  mg.  atropine  sulphate  injected. 

4.17 

4if    "                            150 

130  Hg 
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From  the  results  of  this  experiment  there  cannot  be  the  slightest 
doubt  that  stropbanthin  first  accelerates  the  blood  current  and  then 
retards  it.  The  acceleration  is  only  temporary,  and  occurs  in  spite  of 
the  increasing  peripheral  resistance  due  to  contraction  of  the  blood 
vessels  in  splanchnic  area,  this  contraction  and  therefore  increased 
resistance  being  indicated  by  the  rising  blood  pressure  (Observations 
II,  12,  etc.)- 

In  some  experiments  (Protocol  VII,  page  143)  an  increase  in  the 
heart  rate  might  partially  account  for  the  acceleration,  but  in  this 
experiment  the  rate  in  observation  No.  10  before  the  stropbanthin 
injection  was  the  same  as  in  Nos.  11  and  12,  so  that  there  must 
be  another  factor  present  to  produce  this  change.  This  is  the  in- 
creased efficiency  of  the  heart  brought  about  by  the  direct  action  of 
the  stropbanthin  upon  the  cardiac  muscle. 

The  secondary  retardation  is  dependent  upon  two  factors  also,  the 
increased  resistance  and  ihe  slowing  of  the  heart.  It  is  clear  that  a 
narrowing  of  the  arterioles  must  have  a  tendency  to  obstruct  the 
outflow  of  blood  irom  the  vessel  supplying  them,  and  in  this  way  to 
retard  the  stream,  as  will  be  pointed  out  below;  but  this  increased 
resistance  does  not  seem  to  be  such  an  important  factor  in  the  dog  as 
in  the  rabbit.  This  is  shown  by  the  fact  above  mentioned  that  in  the 
early  stage  of  the  drug's  action  there  is  acceleration,  together  with  a 
contraction  of  the  arteries. 

The  second  factor  mentioned  seems  of  much  more  importance,  as 
the  retardation  in  the  stream  seems  to  stand  in  more  or  less  direct 
relation  with  the  cardiac  slowing,  as  will  be  shown  a  little  later  and  as 
may  be  seen  by  a  comparison  of  observations  15  to  19,  The  more 
marked  effect  on  the  velocity  of  changes  in  tbc  rate  of  the  dog's  heart 
in  comparison  with  the  rabbit  is  doubtless  due  to  the  greater  capacity 
of  its  ventricle,  and  therefore  the  greater  bulk  of  blood  expelled  at 
each  systole.  The  eEfect  of  the  rate  is  shown  in  a  striking  manner  by 
a  comparison  of  Nos.  18  and  19  with  No.  20.  Here,  by  the  use  of 
atropine,  the  vagus  effect  was  removed  and  by  the  increased  heart 
rate  the  pulmonary  circulation  was  shortened  by  three-fifths  of  a 
second. 

For  purposes  of  further  comparison,  all  the  readings  may  be 
arranged  according  to  heart  rate  irrespective  of  pressure  height, 
merely  giving  the  average  where  there  was  more  than  one  reading  at 
a  certain  height. 
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dumber  of 

Average 

Average 

Girculatlon  time. 

readings. 

heart  rale. 

blood  pressure. 

Control. 

Strophantbin 

2 

156 

110  Hg  mm. 

3iMC. 

156 

100 

4i«c. 

144 

100        " 

41    " 

140 

90       ■' 

4J    " 

130 

110       " 

4ii    •' 

130 

88       " 

s*  " 

120 

110       " 

4|    ■' 

110 

80 

5i." 

100 

123 

5     " 

95 

140        " 

5      " 

A  comparison  of  this  sort  shows  with  only  one  exception  (and  in 
that  case  there  was  only  one  reading)  that  the  heart  rate  and  circula- 
tion time  bear  an  inverse  ratio  to  one  another.  The  strophantbin 
readings  also  stand  in  this  case  in  direct  ratio  to  the  pressure, 
although  the  control  readings  do  not.  But  more  striking  is  the  fact 
that  a  comparison  of  each  strophanthin  reading  with  the  nearest  (as 
far  as  height  and  heart  rate  are  concerned)  control  shows  in  every 
case  that  the  former  is  much  quicker,  thus  showing  the  e^ect  of  the 
increased  efficiency  of  the  heart  on  the  velocity  of  the  current.  "This 
is  illustrated  in  the  readings  with  the  heart  rate  at  156  and  also  at 
130,  in  both  of  which  cases,  in  spite  of  a  higher  blood  pressure,  the 
strophanthin  time  was  much  the  quicker.  The  other  readings  show  the 
same  thing.  This  table  then  shows  in  a  very  clear  manner  the  effect 
on  the  velocity  of  the  three  factors  by  which  it  is  chiefly  affected, 
namely,  efficiency  and  rate  of  the  heart  and  peripheral  resistance. 

Protocol    VI.  —  December    7,     1906.      Portal    circulation    time.      Rabbit 
2400   G.     4  c.c.    paraldehyde.     Salt    solution    (a   c.c,   3!   per  cent, 

39°  C.)  injected  into  left  carotid.     Electrodes  on  the  superior  n 
vein.     Blood  pressure  from  right  carolid. 


Obsetvalio 


Time. 


Circulation  time 

Heart  ra 

e.          Blood  pressure. 

2!  sec. 

240 

80 

2j    -. 

235 

85 

irng 

stropb 

antbin  in 

to  jugular. 

3iM!C. 

240 

S5 

230 

85 

230 

94 

3;  " 

225 

94 

210 

85 

220 

75 

in.g. 

strophan 

bin. 
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Frotoool  VH.  —  November  16, 1906.    Peripheral  circulation  time.     Medium- 
sized  dog.     0.2  G.  morphine ;  3  G.  chloretone.    Salt  solution  (4  c.c, 
10  per  cent)  injected  into  left  carotid.     Electrodes  on  left  femoral  vein. 
Blood  pressure  from  right  carotid. 
Observation.        Time.  Circulation  time.  Heart  rale.        Blood  presiure. 

9  3.16  -HBec.  100  130 

10  3.18  S      '•  105  120  heart  irregular 

11  3.Z1  ^    "  100  120 
3.22                                 1  mg.  itrophanthin  into  jugular. 


■4  " 

105 

■4  " 

no 

3J   '■ 

125 

4i   " 

105 

31    " 

120 

\  mg.  stropbanlhi 

4      " 

125 

3*   '■ 

115 

3J    '■ 

IZO 

i  mg.  .tropbanthi 

6i    " 

140 

SJ    " 

130 

These  two  protocols  (VI  and  VII)  show  that  the  final  effect  of 
strophanthin  is  to  retard  the  blood  stream,  but  that  in  the  case  of  the 
peripheral  circulation  this  is  preceded  by  an  acceleration.  The  portal 
area  shows  no  such  acceleration,  the  retardation  coming  on  very 
quickly  and  definitely.  It  might  be  urged,  perhaps,  that  this  is  due 
to  the  difference  in  animals,  but  against  this  objection  is  the  fact  tliat 
practically  the  same  state  of  affairs  is  found  under  digitalis,  as  will  be 
pointed  out  later,  and  with  that  drug  rabbits  were  used  entirely. 

The  results  stand  in  complete  agreement  with  those  of  Gottlieb 
and  Magnus,'  who  found  under  strophanthin  the  vessels  of  the  inter- 
nal organs  were  contracted  and  those  of  the  periphery  were  dilated. 
The  blood  is  therefore  diverted  from  the  interior  of  the  body  to  the 
periphery,  where,  owing  to  lack  of  obstruction,  it  would  flow  faster  on 
account  of  the  increased  pressure;  while  in  the  splanchnic  area  it 
would  be  delayed  by  the  increased  resistance  against  which  it  has  to 
contend.  If  this  is  correct  in  those  cases  where  there  is  only  slight 
contraction  in  the  vessels  supplied  by  the  spjanchnics,  as  shown  by 
a  small  rise  in  blood  pressure,  there  should  be  only  very  slight  retar- 
dation in  the  current  in  this  area,  and  there  might  be  an  acceleration 
due  to  increased  efficiency  of  the  heart.  This  is  well  illustrated  under 
the  action  of  digitalis  and  digitalein. 

>  Gottlieb  und  Magnus:  Archiv  fur  experimentelle  Palhologie  und  Pharma- 
cologic, 1901,  xlvii,  p.  144. 
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The  acceleration  in  the  pulmonary  area  wilh  strophanthin  is  due, 
first,  to  the  right  heart  being  acted  upon  by  the  drug;  second,  the 
vessels  of  the  lungs  are  not  contracted;  and  lastly,  owing  to  the 
acceleration  of  the  current  through  the  peripheral  vessels,  the  blood 
can  reach  the  right  heart  easily,  although  this  last  factor  may  be 
balanced  by  the  contraction  of  the  vessels  of  the  splanchnic  area. 

Digitalis  and  Digitalein. 
Protocol  vm.  —  December  8,  1905.     Pulmonary  circulation  time.     Rabbit 
2050  G.     3.4  c.c.  paraldehyde.     Injection  of  salt  solution  (2  cc,  t\  per 
cent)  into  jugular  vein.     Electrodes  on  carotid  artery.     Blood  pressure 


from  carotid. 


Circulation  lime.  Hfart  rate.  Blood  p 


L  digitaJis  into  jugular 


8  2.S4  Zisec.  25S  74 

9  2,.S7  Zi    "  255  76 

The  effect  of  digitalis  upon  the  pulmonary  circulation  time  is 
apparently  not  very  marked,  but  consists  of  primary  acceleration, 
followed  later  by  slowing,  which  in  this  experiment  was  merely  a 
return  to  normal. 

This  result  was  also  confirmed  in  a  dog  with  digitalein,  the  details 
of  which  experiment  may  be  given  shortly  as  follows: 

Protocol  IX.  —  March  19,  1906.     Dog.     Morphine  and  chloretone.     Aver- 
age readings. 

Circulation  time.  Heart  rate.  Ulood  pressure. 

Normal  Si  eec.  155  80 

Digitalein  4[  to  sj    "  150-160  90  to  96 

Protocol  X. —  February  9,   1906.     Peripheral   circulation    time.      Rabbit 
2800  G.     4.7  c.c.  paraldehyde.     Salt  solution  (2  c.c,  ^i  per  cent)  in- 
.    jected  into  left  carotid.     Electrodes  on  inferior  vena  cava.     Blood  pres- 
sure from  carotid. 


Obiervatioii. 

Time. 

Circulati 

on  time.            Heart  rate. 

Blood  pressure. 

* 

3.-18 

2)s 

lec.                            300 
0,1  cc.  n.  eit.  digiulis  inl 

46 
0  jugular. 

5 

3.50 

2is 

ec.                        .    300 

54 

6 

3.52 

t\ 

270 

54 
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Digitalein  had  about  the  same  effect  upon  the  peripheral  circulation 
ill  the  dog.  The  results  were  not  very  marked,  averaging  only  about 
^  of  a  second,  but  during  this  time  the  blood  pressure  was  greatly 
increased  (30  to  40  mm.  Hg).  Such  an  increase  in  pressure  it 
would  have  been  supposed  would  have  caused  much  greater  accelera- 
tion through  the  periphery,  but  this  is  no  doubt  prevented  by  the 
contraction  of  the  peripheral  vessels  which  Gottlieb  and  Magnus 
have  shown  is  produced  by  digitoxin,  which  differs  in  this  respect 
from  strophanthin.  However  the  results  obtained  on  the  peripheral 
current  in  both  dogs  and  rabbits  with  both  digitalis  itself  and  with 
digitalein  stand  in  complete  agreement,  namely,  an  acceleration 
which  was  most  marked  in  the  case  of  digitalis  on  the  rabbit.  In  no 
experiment  was  the  acceleration  as  marked  as  with  strophanthin. 

Protocol  XI.  —  February  16, 1906.  Portal  circulation  time.  Rabbit,  3650  G. 
6.2  ex.  paraldehyde.'  Salt  solution  (2  c.c,  5  per  cent)  injected  into 
left  carotid.    Electrodes  on  superior  mesenteric  vein. 


(.  digitalis  into  ju{(ular 


270  66 

In  another  experiment  as  to  the  effect  of  digitalis  on  the  portal 
time  practically  no  acceleration  was  found,  the  most  marked  change 
being  lengthening  in  the  time  of  from  one-fifth  to  three-fifths  of  a 
second,  but  in  this  case  the  blood  pressure  was  raised  considerably, 
about  15  mm.  Hg.  Digitalein  in  the  experiment  given  below  also 
caused  an  acceleration  in  the  current  which  was  very  distinct,  but  it 
will  be  noted  that  the  blood  pressure  was  scarcely  changed,  showing 
the  absence  of  any  marked  contraction  of  the  splanchnic  vessels. 

Protocol  Xn.  ^November  az,  1906.  Portal  circulation  time.  Rabbit 
1900  G.  3.4  paraldehyde.  SaU  solution  (a  c.c,  j  per  cent)  into  left 
carotid  artery.     Electrodes  on  superior  mesenteric  vein. 
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2 

Z-W 
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ZJ    -■ 

7 

3.20 

z!  '■ 

9 

3.25 

3i    " 

12 

3.37 

3      " 
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2J  sec. 

IS 
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17 
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2i    ■• 

18 

3.54 
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ulatioi 

1  lime.            Heart  rate. 

Blood  pressoic. 

3fse 

c.                           310 

44 

3i    " 

290 

4S 

3*   '■ 

280 
O-Smg.  digiuleiiiintojugula 

46 

2|  aec.                           2SS 

SO 

Z\    " 
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44 

21    " 
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0,5  mg.  digitalem. 

42 

21  se. 

c.                           260 

34 

Z|    '■ 

260 

30 

zj;-' 

Z60 
1  mg.  digiulein. 

26 

2Sse. 

c.                           240 

29 

3      ■' 

2W 

30 

31    " 

2«) 
O..-;  mg.  digLtalein. 

30 

2i«. 

c.                           230 

24 

2}    ■' 

220 

24 

21    " 

220 

24 

31 .. 


1  nig.  digitalein 


This  protocol  is  given  fully  to  illustrate  another  point  than  that 
noted  above,  namely,  the  necessity  of  the  blood  pressure  record.  By 
it  can  be  seen  that  the  only  readings  which  can  be  considered  of  ito- 
portancc  as  showing  the  effect  of  the  drug  are  Nos.  9,  10  and  11. 
Later  the  animal  passed  into  a  state  of  more  or  less  shock,  and  il 
scarcely  reacted  to  the  digitalein  by  any  increase  in  pressure.  After 
observation  number  12  the  circulation  time  is  probably  almost  entirely 
influenced  by  the  steadily  falling  pressure  modified  by  the  gradual 
slowing  of  the  heart. 

Digitalis  then  produces  an  acceleration  of  the  blood  stream  wbicb. 
as  seen  in  the  pulmonary  area,  is  apparently  not  quite  so  marked  u 
is  the  acceleration  under  strophanthin.  The  variation  may  partially 
be  due  to  differences  in  the  action  in  the  lung  itself,  strophanthio 
probably  having  no  effect  whatever  upon  the  pulmonary  vessels  while 
digitalis  probably  constricts  them,  raising  the  pulmonary  pressure 
(Bradford  and  Dean'  for  digitalin).  Probably  the  greatest  source  of 
difference  is  in  their  action  on  the  peripheral  vessels,  with  strophan- 

'  Bradford  and  Dean;  Journal  of  physiology,  1894,  xvi,  p.  87. 
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thin  the  increased  blood  pressure  due  to  the  constriction  in  the 
splanchnic  area  hurries  the  blood  toward  the  right  side  of  the  heart 
through  the  peripheral  arteries  which  are  not  contracted. 

On  the  other  hand,  with  digitalis  the  blood  is  prevented  somewhat 
from  entering  the  venous  system,  and  thus  also  the  right  heart,  by  the 
peripheral  arteries  which  are  contracted  by  digitalis.  The  accelera- 
tion through  the  portal  area  will  depend  upon  how  much  these  vessels 
are  contracted;  — it  only  slightly,  acceleration  may  be  found;  if  the 
vessels  are  strongly  acted  on,  retardation  may  be  the  only  change 
met  with. 

Adrenalin  (Effect  on  Dogs)^ 

The  fact  that  acceleration  of  the  blood  current  in  the  dog  is  pro- 
duced by  both  strophanthin  and  digitalein  suggested  that  perhaps 
adrenalin  might  have  the  same  action  on  this  animal,  and  an  experi- 
ment was  carried  out  to  investigate  this  point. 

In  this  experiment  the  salt  solution  was  injected  into  the  jugular 
vein,  and  the  electrodes  were  placed  upon  a  branch  of  the  superior 
mesenteric  artery,  which,  with  the  coil  of  intestine,  was  supported 
outside  the  body  and  protected  from  cooling  by  warm  towels.  The 
readings  obtained  by  this  method  which  was  used  in  connection  with 
some  other  experiments  may  for  our  purposes  here  he  considered  as 
an  excess  over  the  pulmonary  time,  but  this  excess  is  of  no  impor- 
tance here,  so  it  need  not  be  discussed. 

Protocol  Xin. —  May  4,  1906.  Pulmonary  circulation  time.  Small  dog. 
0.2  G.  morphine.  1.5  G.  chloretone.  Salt  solution  (4  c.c,  10  per  cent) 
into  left  jugular  vein.  Electrodes  on  branch  of  superior  mesenteric  artery. 
Adrenalin  injected  into  saphenous  vein. 

Dbservaiion.        Time.  CircuUlion  time.  Heart  rale.  Blood  pressure. 

5  3.15  5}  sec.  105  70  Hg  mm.  ControL 

6  3.2s  Si   "  105     •         70      " 


9                 3.31                   51   "                         110              80  " 

10  3.33                   SJ   "                         135            110  " 

11  3.3S                   Si    •'                         120              90  " 

12  337  Si    "  115  90      " 

14                   3.44                     6i    "                              85                SO  "          Control. 

As  would    be  expected  from  the   points   discussed  above   under 

adrenalin  and  digitalis,  we  would  have  here  to  do  with  back  pressure 

'  See  footnote,  p.  134. 
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and  difficulty  for  the  blood  to  reach  the  right  side  of  the  heart  due  to 
the  contraction  of  both  splanchnic  and  peripheral  vessels,  and  yet  the 
adrenalin  causes  a  slight  acceleration,  putting  the  drug  in  line  with 
others  of  the  series.  That  this  acceleration  is  not  found  in  the  rabbit 
is  probably  to  be  explained  by  the  fact,  pointed  out  before,  that  the 
peripheral  resistance  is  increased  so  quickly  that  any  Increased 
efficiency  of  the  heart  is  at  once  hidden  by  the  great  rise  in  blood 
pressure. 

Conclusions. 

The  members  of  the  digitalis  series,  then,  produce  an  acceleration 
of  the  blood  stream  followed  by  a  retardation  which  appears  under 
larger  doses  of  the  drug.  In  the  greater  circulation  the  peripheral 
stream  is  accelerated,  while  in  the  portal  area  there  may  be  a  similar 
effect  if  these  vessels  are  not  strongly  contracted.  If  there  is  a  very 
great  contraction  here,  as  shown  by  a  marked  rise  in  blood  pressure, 
the  portal  stream  is  probably  retarded,  although  a  certain  amount  of 
resistance  may  be  overcome  by  the  increased  eflSctency  of  the  heart. 
In  some  animals  the  only  demonstrable  effect  of  adrenalin  on  the 
current  is  great  slowing,  probably  due  to  the  greatly  increased  blood 
pressure. 

The  acceleration  of  the  blood  stream  which  is  produced  by  many 
of  the  series  during  the  early  stage  of  their  action  may  possibly 
explain  some  of  the  benefits  derived  from  their  administration.  The 
fact  that  the  blood  is  flowing  more  rapidly  through  the  tissues  would 
indicate  an  improved  blood  supply,  giving  not  only  more  nourishment, 
but  also  providing  for  more  complete  removal  of  waste  products. 
This  does  not  overlook  the  benefits  derived  from  the  characteristic 
action  of  the  series  upon  the  cardiac  muscle  itself. 
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I. 

IN  the  excised  heart  increased  tension  within  limits  acts  as  a  stim- 
ulus to  the  heart  rhythm,  as  shown  by  the  fact  that  the  rhythm 
is  augmented  in  case  the  heart  is  active,  and  in  case  the  heart  is 
quiescent  tension  may  start  rhythmic  activity.  This  is  true  both  for 
the  vertebrate  and  the  invertebrate  heart.  The  well-known  experi- 
ments of  Bernstein  and  of  Porter  seem  to  show  that  it  is  also  true  for 
isolated  parts  of  the  vertebrate  ventricle,  but  this  has  recently  been 
denied  by  Lingle  for  isolated  strips  from  the  tortoise  ventricle.  From 
the  recent  experiments  of  Magnus,  SoUmann,  and  Guthrie  and  Pike,' 
it  is  evident  that  in  the  mammalian  heart  the  important  factor  is  the 
tension  in  the  coronary  vessels  rather  than  the  tension  in  the  heart 
cavities.  In  the  invertebrates  hydrostatic  pressure  in  the  heart  cavi- 
ties is  efficient;  and,  in  fact,  in  the  heart  of  some  invertebrates  the 
mere  mechanical  tension  on  the  heart  walls  is  almost  as  efficient 
stimulus  as  hydrostatic  pressure  in  the  heart  cavities.* 

In  the  intact  heart  this  direct  relation  between  tension  and  rhythm 
is  obscured  through  the  nervous  control  of  the  heart  by  the  central 
nervous  system. 

The  mechanism  by  which  tension  augments  the  rate  and  the 
intensity  of  the  heart  beat  is  largely  a  matter  of  conjecture.  It  is 
well  known  that  within  limits  tension  augments  the  amplitude  of 
the  contraction  of  skeletal  muscle.  Tension  alone  does  not  cause 
contraction,  however.  As  it  seems  to  me  probable  that  tension  has 
the  same  effect  on  heart  muscle  as  on  skeletal  muscle,  the  increased 
amplitude  of  the  ventricular  beat  following  an  increase  of  the  hydro- 

•  For  the  Itteralure  see  Guthrie  and  Pike  :  This  journal,  1907,  xvii,  p.  14. 
"  Carlsom  :  This  journal,  1906,  xvi,  p.  62. 
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static  pressure  in  the  cavity  of  the  ventricle  is  probably  due  to  the 
direct  influence  of  tension  on  the  ventricular  musculature.  The 
mechanism  by  which  tension  augments  the  rate  of  the  heart  rhythm 
is  less  obvious.  Sollmann  suggests  that  the  stimulating  action  of 
tension  in  the  coronary  vessels  of  the  excised  heart  can  be  more 
readily  explained  on  the  neurogenic  than  on  the  myogenic  theory  of 
the  heart  rhythm.  Because  of  the  arrangement  of  the  ventricular 
musculature  it  is  obvious  that  pressure  in  the  coronary  vessels  does 
not  produce  the  degree  and  uniform  distribution  of  the  tension  on  the 
muscle  cell  that  is  affected  by  pressure  in  the  cavity  of  the  ventricle; 
nevertheless  the  latter  is  a  less  efficient  stimulus  to  the  rhythm  than 
the  former. 

It  is  clear,  from  the  experiments  on  the  isolated  mammalian  heart 
referred  to  above,  that  tension  in  the  coronary  vessels  augments  the 
rate  of  the  rhythm  of  the  isolated  ventricle.  This  in  all  probability 
never  takes  place  in  the  intact  heart,  as  such  an  action  directly  on  the 
ventricles  would  disarrange  the  co-ordination  of  the  heart.  Whatever 
direct  action  tension  in  the  coronary  vessels  may  have  in  the  regu- 
lating of  the  heart  rate  in  the  intact  animal,  must  accordingly  be 
exerted  through  region  of  the  mouth  of  the  great  veins  or  at  least 
through  the  auricles.  There  is  anatomical  basis  for  such  a  mechanism, 
at  least  in  so  far  as  branches  of  the  coronary  arteries  pass  to  the 
mouths  of  the  great  veins  as  well  as  to  the  sinus  venosus  in  the  lower 
vertebrates. 

If  the  myogenic  theory  of  the  heart  beat  is  the  true  one,  it  seems 
highly  probable  that  both  the  increased  amplitude  and  the  augmented 
rate  is  due  to  a  direct  action  of  the  tension  on  the  heart  muscle. 
The  only  other  alternative  is  that  it  is,  in  whole  or  part,  due  to  a 
stimulating  action  of  the  tension  on  the  augmentor  nerves  or  nerve 
endings.  I  know  of  no  evidence  which  even  by  analogy  would  render 
this  alternative  probable.  There  is  no  evidence,  for  example,  that 
tension  in  the  arterioles  is  able  to  directly  stimulate  the  vaso- 
constrictor nerves  or  nerve  endings.  The  possibility  of  the  latter 
alternative  cannot  readily  be  eliminated,  however,  since  we  know  of 
no  drug  or  device  by  which  the  augmentor  nerves  may  be  thrown  out 
of  function  without  greatly  injuring  the  heart  tissues. 

Assuming  the  correctness  of  the  neurogenic  theory,  the  mechanism 
of  action  of  tension  on  the  heart  rhythm  is  probably  as  follows:  The 
augmentation  of  the  strength  of  the  beat  is,  at  least  in  part,  due  to 
a  direct  action  of  tension  on  the  heart  muscle;  it  may  also  be  in  part 
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due  to  the  action  of  tension  on  the  motor  nervous  tissue.  The 
augmentation  of  the  rate  can  only  be  due  to  the  tension  action  on 
the  motor  nervous  tissue.  This  action  is  on  the  automatic  ganglion 
cells  directly,  or  on  afferent  nerve  and  nerve  endings  in  the  heart 
walls;  or  both  of  these  mechanisms  may  be  involved.  This  working 
hypothesis  has  now  been  put  to  the  experimental  test  in  the  only 
heart  which,  so  far  as  we  know,  permits  of  such  experiments,  namely, 
the  heart  of  Limulus.     The  results  are  in  brief  the  following. 


11. 

I.  The  preparation  of  the  heart.  —  To  demonstrate  the  different 
points  in  the  hypothesis  just  stated  the  Limulus  heart  was  prepared 
in  four  different  ways:  (i)  The  automatic  ganglion  was  extirpated 
throughout  the  whole  length  of  the  heart.  The  heart  minus  the  gan- 
glion decides  the  question  whether  tension  is  able  to  start  or  augment 
the  rhythm  apart  from  the  automatic  ganglion  by  acting  on  the  motor 
nerve  plexus  and  the  heart  muscle.  (2)  The  lateral  nerves  were 
isolated  from  the  heart  muscle  in  the  second  segment,  the  nerve  cord 
extirpated  in  the  first  two  segments,  and  the  lumen  of  the  heart 
obliterated  in  the  second  segment  by  compressing  the  heart  walls 
with  a  stout  thread  in  the  manner  shown  in  Fig.  i.  The  lateral 
nerves  are,  of  course,  not  included  within  the  thread.  The  anterior 
pair  of  lateral  arteries  may  now  be  tied,  and  a  cannula  fixed  in  the 
anterior  end  of  the  heart  by  means  of  which  the  hydrostatic  pressure 
within  this  isolated  anterior  end  may  be  varied  at  will.  This  prepara- 
tion decides  the  question  whether  tension  increases  the  strength  of 
the  beat  by  a  direct  action  on  the  heart  muscle  and  the  motor  nerve 
plexus,  and  whether  tension  acts  on  the  ganglion  in  an  indirect  way 
by  stimulation  of  afferent  nerves  or  nerve  endings  in  the  heart  walls. 
(3)  The  nerve  cord  and  the  lateral  nerves  were  isolated  and  the  walls 
of  the  heart  compressed  in  the  second  segment  in  the  manner  shown 
in  Fig.  !.  The  anterior  end  is  arranged  for  graphic  registration. 
The  three  posterior  pairs  of  lateral  arteries  are  tied,  and  a  cannula 
fixed  into  the  posterior  end  by  means  of  which  the  hydrostatic  pres- 
sure in  the  posterior  end  of  the  heart  can  be  varied  at  will.  This 
pressure  does  not  affect  the  anterior  or  recording  end,  except  indirectly 
through  the  local  nervous  system  of  the  posterior  end.  This  prepa- 
ration decides  the  question  whether  tension  augments  the  intensity 
as  well  as  the  rate  of  the  nervous  impulses  by  acting  directly  on  the 
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Figure  1.  — Diagram  of  the  preparafio 
of  ihe  Limulus  heail  for  determining 
the  effect  of  tension  on  Ihe  heart  gan- 
glion apart  from  that  on  the  heart 
muscle.  Dorsal  view.  A,  a 
recording  end  of  heart ;  B,  cannula 
lied  in  posterior  end  of  heart  for  vary- 
ing tension  in  the  heart  cavity.  L,  liga- 
ture compressing  (he  muscle  of  the 
heart  ttalla  in  the  second  segment,  sc 
39  lo  confine  the  tension  variations  li 
the  posterior  end  of  the  heart. 
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ganglion.  (4)  The  ganglion  was  isolated  (rom  the  heart  muscle  except 
in  the  two  anterior  segments.  These  two  segments  were  arranged 
for  graphic  registration  in  the  usual  way.  The  action  on  the  ganglion 
of  hydrostatic  pressure  in  the  heart  cavity  was  imitated  by  mechanical 
pressure  and  tension  on  the  isolated  ganglion  directly.  This  prepa- 
ration helps  to  decide  the  ques- 
tion whether  the  tension  in  the 
heart  cavity  that  alters  the  rate 
acts  directly  or  indirectly  on  the 
ganglion. 

!.  After  the  automatic  gatigtie* 
•  been  extirpated  pressure  in  tki 
heart  cai'iiy  fails  to  inaugurate  sr 
maintain  a  rliythm. —TW\%  fundi- 
mental  fact  has  already  been  re- 
ported.' The  experiment  has  been 
repeated  many  times  and  at  vary- 
ing periods  after  removal  of  the 
ganglion,  but  no  exception  has 
ever  been  noted.  It  is  therefore 
evident  that  the  ganglion  is  essential  for  the  stimulating  action  of 
pressure  in  the  heart  cavity  on  the  rhythm. 

3.  The  action  of  tension  on  the  heart,  muscle  and  nerve  plexus. 
Moderate  tension  on  the  heart  walls  increases  the  amplitude  of  the  con- 
tractions of  the  ganglion-free  anterior  end  of  the  heart.  This  is  shown 
best,  not  by  hydrostatic  pressure  in  the  heart,  but  by  mechanical  ten- 
sion on  the  opposite  sides  of  the  heart.  When  the  recording  endoi 
the  heart  is  filled  with  plasma,  under  pressure,  the  bulging  of  the 
heart  walls  displaces  the  recording  lever  in  such  a  way  that  a  direci 
comparison  of  the  amplitude  of  the  beals  cannot  always  be  made,  li 
is  not  difficult  to  demonstrate,  however,  that  within  limits  the  greater 
the  load  or  tension  of  the  recording  lever  the  greater  the  amplitude 
of  the  beat.  But  it  is  also  true  that  the  greater  load  causes  greater 
degree  of  relaxation  of  the  recording  end  during  diastole,  so  that  tht 
absolute  height  of  excursion  of  the  lever  in  case  of  the  heavier  load 
may  not  exceed  or  may  even  fall  short  of  the  height  maintained  witli 
the  lighter  load,  even  though  the  relative  amplitude  of  the  beats 
is  much  greater  in  the  former  case.  In  some  preparations  th( 
greater  load  produced  an  actual  rise  of  the  initial  height  of  conlrac- 
tion  despite  the  synchronous  fall  of  the  base  line. 

'  Carlson  :  This  journal,  [905,  xii,  p.  487. 
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Mechanical  tension  or  hydrostatic  pressure  confined  to  the  anterior 
ganglion-free  end  of  the  heart  which  is  connected  with  the  automatic 
ganglion  by  the  lateral  nemes  only,  has  ho  effect  on  the  rate  of  the  rhythm 
of  either  end  of  the  heart.    The  stimulating  effect  manifests  itself  in 

lillfff'lir^'yfim '':''''r'f^g£,'m!> 

'ti,'.  ■.  i;U -''.■■.■■  (..'-J-bu'i. ''"'''"''■'"'' 


XX'  XX' 

Figure  2.  —  One-half  the  original  size.  Tracings  from  the  anterior  end  of  the  UmuluB 
heart  prepared  as  in  Fig.  1,  X,  moderate  increase  of  the  hydrostatic  pressure  in  the 
posterior  end  of  the  heart,  X',  the  pressure  reduced  to  lero,  showing  that  the  main 
effect  of  tension  on  the  ganglion  is  an  augmentation  of  the  rate  of  the  nervous  dis- 
charges accompanied  by  slight  tonus. 

the  strength  of  the  beats  alone,  and  is  confined  to  the  anterior  end. 
The  only  way  that  tension  thus  applied  could  affect  the  rate  would 
be  in  establishing  an  independent  rhythm  in  the  anterior  end  by  act- 
ing directly  on  the  heart  muscle  or  the  nerve  plexus;  or  by  acting 
indirectly  on  the  ganglion  in  the  posterior  end  by  the  stimulation  of 

X       X' 

Figure  3.  —  Four-sevenths  the  original  siie.  Tracings  from  tht  anterior  end  of  the 
Lintulus  heart  prepared  as  in  Fig.  I.  X,  sudden  and  great  increase  of  bJood  pressure 
in  the  heart  cavity  (posterior  end).  X',  rapid  diminution  of  the  pressure  to  lero, 
Showing  excessive  tension  and  prolonged  after  effects  after  cessation  of  the  tension. 


afferent  nerve  fibres  in  the  heart  walls.  As  the  fact  that  tension  fails 
to  cause  contraction  in  the  heart  after  extirpation  of  the  ganglion 
precludes  the  former  possibility,  this  limitation  of  the  effect  of  the 
tension  of  the  amplitude  of  the  contraction  in  the  part  of  the  heart 
immediately  acted  on  goes  to  show  that  the  tension  on  the  heart  walls 
does  not  act  on  the  ganglion  by  the  stimulation  of  afferent  nerve  fibres 
Of  nerve-endings  in  the  heart  wall.  I  have  shown  in  a  previous  paper 
that  such  afferent  fibres  run  in  the  lateral  nerves.     They  are  appar- 
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entty  not  stimulated  by  the  degree  of  tension  that  may  be  applied  to 
the  heart  without  rupturing  the  walls. 

The  augmentor  effect  of  tension  on  the  strength  of  the  heart  beit 
may  be  due  either  to  a  direct  action  in  the  muscle  cells,  or  to  in- 
creased excitability  of  the  motor  nerve  fibres.  Both  factors  aic 
probably  involved. 

4.  When  the  pressure  in  the  heart  cavity  is  confined  to  the  postinot 
end  of  the  heart  in  the  manner  shown  in  Fig.  i ,  the  most  striking  efftd 
on  the  isolated  anterior  end  is  the  augmentation  of  the  rate  of  the 
rhythm.  —  A  slight  increase  in  the  intensity  of  the  contraclion  is 
obtained  with  moderate  tension,  but  when  the  pressure  is  consider- 
able the  augmentation  in  the  rate  is  so  great  that  the  intensity 
factor  becomes  submerged.  In  fact,  the  amplitude  of  the  beats  is 
usually  greatly  diminished.  With  still  greater  pressure  in  the  heart 
cavity  the  augmentation  of  the  rhythm  of  the  anterior  end  may 
approach  incomplete  tetanus  and  delirium  or  fibrillary  contractions. 
This  great  tension  obviously  breaks  down  the  co-ordination  of  tbc 
ganglion  with  the  result  of  a  typical  delirium  cordis. 

A  degree  of  tension  that  appreciably  affects  the  rate  of  the  rhythm 
produces  also  an  increased  tonus  of  the  isolated  anterior  end,  and, 
within  limits,  the  greater  the  tension  the  greater  the  tonus  contrac- 
tion. But  as  this  tonus  is  invariably  associated  with  an  increased 
rate  of  the  beats,  it  may  simply  be  failure  of  complete  diastolic  relaxa- 
tion because  of  the  rapid  rhythm. 

The  stimulating  action  of  tension  on  the  rate  persists  for  a  consider- 
able time  after  the  tension  is  reduced  to  zero.  The  greater  the  tension 
the  greater  the  persistence  of  the  augmented  rhythm  after  removal 
of  the  tension.  In  cases  where  the  tension  was  increased  to  the  point 
of  producing  delirium  cordis  and  this  degree  of  tension  was  kept  up 
for  five  or  ten  minutes,  the  normal  rhythm  very  seldom  returned. 
Within  ten  or  fifteen  minutes  after  cessation  of  the  tension  the  rhythm 
has  usually  returned  to  regularity,  but  it  persists  to  be  abnormally 
rapid  and  feeble  till  the  final  cessation.  The  stimulating  action  of 
the  tension  is  on  the  ganglion.  The  persistence  of  the  effect  after 
cessation  of  the  stimulus  goes  to  show  that  the  increased  activity  is 
not  due  to  the  mere  mechanical  pressure  on  the  ganglion  or  the 
ganglion  cells,  as  this  pressure  ceases  with  the  withdrawal  of  the 
plasma  from  the  heart  cavity. 

The  posterior  end  of  the  heart  is  unable  to  contract  to  any  extent 
against  the  pressure  that  by  action  on  the  ganglion  sends  the  anterior 
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end  into  delirium  cordis.  But  the  feeble  contractions  suffice  to  bring 
out  the  fact  that  the  delirium  involves  the  posterior  end  of  the  heart 
also.  This  is  necessarily  the  case  since  it  is  only  an  expression  of 
the  inco-ordinated  activity  of  the  ganglion.  The  pressure  in  the  pos- 
terior end  of  the  heart  may  be  raised  to  a  point  where  no  contractions 
appear,  except  in  ike  anterior  aid,  showing  that  the  ganglion  is  still 
active,  although  greatly  inco-ordinated.  Such  excessive  pressure 
soon  stops  all  activity  of  the  ganglion. 

It  is  clear  from  these  experiments  that  a  certain  degree  of  tension 
on  the  heart  ganglion  augments  both  the  rate  and  intensity  of  the 
nervous  discharges,  the  augmentation  of  the  rate  being  the  most 
prominent. 

Summary, 

1.  Tension,  within  limits,  acting  on  the  heart  muscle  and  motor 
nerve  plexus  alone,  augments  the  amplitude  of  the  contractions,  but 
does  not  affect  the  rate. 

2.  Tension  does  not  inaugurate  or  maintain  a  rhythm  iu  the  heart 
after  extirpation  of  the  automatic  ganglion. 

3.  Tension  does  not  appear  to  act  on  the  heart  ganglion  by  stimu- 
lating afferent  nerves  or  nerve  endings  in  the  heart  walls. 

4.  Moderate  tension  acting  on  the  heart  ganglion  alone  increases 
slightly  the  intensity  of  the  nervous  discharges  and  greatly  augments 
their  rate.  The  tonus  of  the  heart  muscle  appears  also  to  be  slightly 
increased.     These  effects  may  outlast  the  duration  of  the  tension. 

5.  Excessive  tension  on  the  ganglion  greatly  accelerates  the  rate 
of  the  rhythm,  increases  tonus,  and  by  destroying  co-ordination  in 
the  ganglion  sets  up  delirium  cordis  in  the  heart.  If  excessive  ten- 
sion on  the  ganglion  is  maintained  for  a  few  minutes,  the  ganglion 
can  usually  not  be  restored  to  its  normal  activity. 

6.  The  ganglion  may  continue  in  inco-ordinated  activity  for  a  time 
under  a  degree  of  tension  against  which  the  heart  muscle  cannot 
contract. 
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ON  ABSORPTION  FROM  THE   PERITONEAL  CAVITY. 

Bv  H.  GIDEON  WELLS  and  LAFAYETTE  B.  MENDEL. 
[Fmm  Ikt  Shcffiitd  Laboratory  of  Physiological  Cktmistry,  Yale  University^ 

TN  a  study  of  the  influence  of  adrenalin  upon  absorption  from  the 
*-  peritoneal  cavity,  Alfred  Exner^  has  drawn  conclusions  concern- 
ing the  mechanism  of  absorption  from  the  peritoneal  cavity  which 
are  not  only  surprising  in  themselves,  but  also  at  variance  with  results 
obtained  by  other  observers.  Exner  found  that  the  appearance  of 
toxic  symptoms  after  the  intraperitoneal  injection  of  strychnine, 
physostigmine,  and  potassium  cyanide  was  much  delayed  if  a  small 
quantity  of  adrenalin  was  injected  into  the  peritoneal  cavity  a  short 
time  (nine  to  forty-five  minutes)  before  the  poisons  were  introduced. 
The  absorption  of  sodium  indigosulphate,  as  determined  by  the 
time  of  its  appearance  in  the  urine,  was  also  somewhat  delayed  by 
adrenalin;  but  the  absorption  of  potassium  iodide  did  not  seem  to  be 
similarly  influenced.  As  an  explanation  for  this  failure  to  aff"ect  the 
absorption  of  potassium  iodide,  the  idea  was  advanced  that  possibly 
this  salt  is  absorbed  from  the  peritoneal  cavity  by  a  different  route 
than  that  taken  by  the  substances  whose  absorption  is  delayed  by 
adrenalin ;  and  an  attempt  was  made  to  study  the  influence  of 
adrenalin  upon  the  absorption  of  substances  through  the  lymphatic 
channels.  On  the  assumption  that  insoluble  particles  are  absorbed 
from  the  peritoneal  cavity  by  way  of  the  lymphatics,  four  experiments 
were  performed  to  ascertain  the  effect  of  adrenalin  upon  the  absorp- 
tion of  an  emulsion  of  parafRnum  liquidum  from  the  peritoneal 
cavity.  These  experiments  were  conducted  in  the  following  manner: 
The  emulsion  was  injected  into  the  peritoneal  cavity  of  rabbits,  and 
after  a  time  the  animals  were  killed  by  bleeding  from  the  carotid. 
All  the  blood  obtained  (quantity  apparently  not  determined)  was 
shaken  repeatedly  with  ether;  the  ethereal  extract  was  evaporated, 
and  the  residue  saponifled  with  alcoholic  potash.  The  product  was 
'  EXNER  :  Zeitschrift  fiir  Heilkunde  (Abtheilung  Chirurgie),  1903,  xxiv,  p.  302. 
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shaken  with  ether,  the  latter  driven  off,  and  the  extract  weighed. 
This  residue  was  considered  to  be  a  mixture  of  cholesterin  and  paraf- 
fin, chiefly  the  latter,  since  the  cholesterin  reaction  was  given  slowly 
and  less  intensely  than  with  a  smaller  quantity  of  pure  cholesterin. 
The  material  examined  was  oily,  turbid,  cleared  up  at  70",  and  when 
burned  on  platinum  smelled  of  paraflin  and  left  almost  no  residue. 

Since  in  these  four  experiments  Exner  obtained  a  smaller  amount 
of  this  residue  from  the  blood  of  the  two  rabbits  into  which  adrenalin 
had  also  been  injected  intraperitoneally  than  from  the  blood  of  their 
respective  controls,  the  conclusion  was  drawn  that  adrenalin  interferes 
with  absorption  from  the  peritoneal  cavity  through  an  interference 
with  lymphatic  absorption,  it  being  assumed  that  the  emulsionized 
paraffin  is  absorbed  through  the  lymphatics  and  not  into  the  blood 
vessels  directly.  Consequently,  it  is  argued,  substances  which  are 
absorbed  by  the  lymphatics  have  their  absorption  delayed  by  previous 
injection  of  adrenalin  ;  whereas,  if  the  absorption  of  a  substance  from 
the  peritoneum  is  not  delayed  by  adrenalin,  this  fact  indicates  that 
it  is  not  absorbed  into  the  lymphatics,  but  directly  into  the  blood 
stream. 

As  further  support  for  the  hypothesis  that  adrenalin  interferes  with 
absorption  through  the  lymphatics  is  cited  an  experiment  in  which 
the  mesentery  and  diaphragm  of  a  guinea  pig  were  stained  with  silver 
nitrate  half  an  hour  after  intraperitoneal  injection  of  adrenalin,  and  it 
seemed  that  the  number  of  stomata  was  perhaps  somewhat  less  than 
in  normal  animals,  although  the  results  were  not  at  all  decisive.  It 
may  be  remarked  here  that  histologists  are  by  no  means  agreed  as 
to  the  existence  of  these  stomata.'  More  marked  were  the  results 
obtained  in  two  experiments  on  the  absorption  of  bacteria  from  the 
peritoneal  cavity.  Adrenalin  solution  was  injected  into  the  peritoneal 
cavity  of  two  rabbits,  and  Proteus  vulgaris  cy\\x.Mrcs  were  injected  after 
an  interval,  in  one  experiment,  of  one  hour;  in  the  other,  of  eight 
minutes.  Cultures  were  made  from  the  blood  at  frequent  intervals 
thereafter,  and  plated,  and  the  number  of  colonies  obtained  was 
found  to  be  much  smaller  than  was  the  case  with  control  animals; 
the  results  were  more  striking  in  the  experiment  in  which  the  injec- 
tion of  adrenalin  preceded  the  bacteria  by  an  hour.  The  conclusion 
inferred  is  that  adrenalin  prevents  the  entrance  of  bacteria  into  the 
peritoneal  lymphatics,  and  their  subsequent  appearance  in  the  blood. 

It  must  be  admitted  that  Exner's  idea  that  a  highly  soluble  crystal- 
1  Cf.  Buxton  and  Torrev:  Journal  of  medical  research,  1906,  iv,  p.  53. 
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loid,  such  as  potassium  cyanide,  is  absorbed  through  the  lymphatics, 
while  another  soluble  crystalloid,  potassium  iodide,  takes  a  difTerent 
route  and  is  absorbed  through  the  blood  vessels,  is  rather  remark- 
able ;  and  one  is  impelled  to  investigate  the  evidence  upon  which  this 
opinion  is  based.  A  careful  reading  of  the  original  paper  leaves  us 
convinced  of  the  inadequacy  of  the  proof  offered.^ 

The  chief  support  advanced  by  Exner  for  the  belief  that  lymphaiic 
absorption  is  speciAcally  impaired  by  adrenalin  (upon  which  is  based 
the  view  of  the  difference  in  the  routes  of  absorption  of  potassium 
iodide  and  the  other  substances  tested)  is  furnished  by  two  experi- 
ments on  the  absorption  of  an  emulsion  of  liquid  paraffin  from  the 
peritoneal  cavity.  The  results  of  these  two  experiments,  performed 
on  four  rabbits,  were  as  follows: 


Experiment  1.  —  Animal  No.  44.  No  adrenalin  given.  Paraffin  emulsion 
injected  into  the  nomial  peritoneal  cavity,  and  blood  withdrawn  froni  the 
carotid  forty-five  minutes  later.  Obtained  0.013S  gm.  of  the  supposed 
mixture  of  paraffin  and  cholesterin,  as  previously  descrit>ed. 

Animal  No.  45.  An  injection  of  adrenalin  preceded  the  emulsion 
injection  by  ten  minutes.  Blood  withdrawn  after  foriy-five  niinuie^ 
contained  0.0051  gm.  of  the  "mixture." 

Experiment  2. — ^  Animal  No.  46.  No  adrenalin  injected.  Blood  withdra«-n 
fifteen  minutes  after  injection  of  emulsion  contained  0.0904  gm.  of  the 


Animal  No.  47. 
minutes.  Ulood  wi 
the  mixture. 


Adrenalin  injection  preceded  the  emulsion  by  sii 
hdrawn  after  lifteen  minutes  contained  o.o3i6  gm.  oi 


To  us  these  results  do  not  seem  of  sufficient  significance  to  afford 
a  basis  for  an  hypothesis  as  to  the  routes  of  absorption  of  substances 
from  the  peritoneal  cavity.  Even  if  we  were  to  grant  that  the  mix- 
ture obtained  from  the  ethereal  extract  of  the  blood  consisted  largely 
of  paraffin  (which  we  are  by  no  means  convinced  was  the  case)  the 
results  obtained  do  not  prove  that  adrenalin  interferes  with  absorp- 
tion of  paraffin  emulsion  through  the  lymphatics.  First,  it  may  be 
pointed  out  that  the  blood  from  one  of  the  animals  which  received  no 


[  and  AuER  (Transactions  of  the  Association  of  American  Phj3i- 
cians,  1904)  have  also  questioned  the  validity  of  some  of  Exnek's  conclusions,  — 
not,  however,  the  factors  which  we  have  subjected  to  an  exjwrimental  critique. 
Cf  also  FREYTA<i:  Archiv  fiir  experimentelle  Falhologie  und  Fharmakologie. 
1906,  Iv,  p.  306. 
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adrenalin  (No.  46)  yielded,  fifteen  minutes  after  the  injection  of  the 
emulsion,  0.090  gm.  of  "paraffin  mixture,"  whereas  in  the  other  con- 
trol rabbit  (No.  44)  the  blood  withdrawn  forty-five  minutes  after 
injection  of  the  emulsion  yielded  only  0.013  g*"'!  —  '^ss  than  one-sixth 
as  much.  Are  we  to  believe  that  the  absorption  of  such  a  substance 
as  emulsionized  liquid  paraffin  from  the  peritoneum  is  so  rapid  that 
it  is  at  its  height  in  fifteen  minutes,  and  that  after  forty-five  minutes 
most  of  the  paraffin  has  been  taken  out  of  the  blood  and  stored  up  in 
the  organs?  Our  own  experience  does  not  indicate  any  such  rapidity 
of  absorption.  The  results  obtained  in  the  two  sets  of  experiments 
cited  above  vary  so  much  among  themselves  that  any  conclusions 
drawn  from  them  seem  entirety  gratuitous.  For  example,  the  blood 
of  the  two  rabbits  which  had  not  received  adrenalin  yielded  0.013  g""- 
(No,  44)  and  o.090(No.  46)  of  the  "mixture,"  while  the  twoanimals 
injected  with  adrenalin  yielded  0.005  (No.  45)  and  0.021  gm.  (No.  47). 
If,  instead  of  comparing  control  animal  Number  44  with  adrenalin 
animal  Number  45,  we  compare  it  with  the  other  adrenalin  animal, 
Number  47,  we  could  then  state  that  whereas  the  blood  of  a  normal 
animal  injected  intra  peri  toneally  with  liquid  paraffin  contained  but 
0.0138  gm,  of  paraffin  mixture  after  forty-five  minutes,  a  similar 
animal  which  had  received  a  previous  intraperitoneal  injection  of 
adrenalin  yielded  0.0216  gm.  after  but  fifteen  minutes.  From  this  we 
might  conclude  that  adrenalin  injection  hastens  the  rate  of  absorption 
of  emulsionized  particles  very  greatly,  with  just  as  much  propriety  as 
Exner  concludes  the  opposite.  To  us,  therefore,  these  experiments 
seem  to  have  yielded  too  inco-ordinate  results  to  be  of  any  significance 
whatever. 

Secondly,  the  chemical  evidence  of  the  absorption  of  liquid 
paraffin  and  its  appearance  in  the  blood  is  not  so  conclusive  as  might 
be  desired,  and  it  is  particularly  faulty  as  to  quantitative  details.  In 
two  experiments  performed  by  us,  and  cited  below,  we  were  unable 
to  obtain  any  indication  that  a  mineral  oil  emulsion  was  absorbed  from 
the  peritoneal  cavity  of  dogs  during  three  and  one-half  and  five  hours, 
respectively,  in  sufficient  quantities  to  be  detected  in  either  the  blood 
or  lymph. 

Thirdly,  the  statement  that  the  paraffin  emulsion  is  absorbed  from 
the  peritoneal  cavity  by  way  of  the  lymphatics  rather  than  through 
the  blood  vessels,  is  purely  an  assumption,  however  probable  it  may 
be.  In  the  two  experiments  performed  by  us  we  were  unable  to 
demonstrate  the  presence  of  absorbed  oil  in  the  entire  lymph  flowing 
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from  the  thoracic  duct  of  large  dogs  during  three  and  one-half  and 
five  hours,  nor  could  we  find  this  material  in  the  blood  of  the  same 
animals.  On  the  other  hand,  when  the  animals  were  kilted,  the 
emulsion  was  found  still  present  in  the  peritoneal  cavity,  not  appar- 
ently reduced  in  amount.  Soluble  indigo  carmine  injected  with  the 
emulsion,  however,  had  largely  disappeared  from  the  peritoneal  cavity, 
and  was  found  early  and  in  large  quantities  in  the  blood  and  urine, 
and  later  also  in  the  lymph.' 

Furthermore,  the  experiment  which  Exner  considers  as  indicating 
that  adrenalin  prevents  the  absorption  of  bacteria,  supposedly  by 
preventing  their  entrance  into  the  lymphatics,  is  open  to  an  entirely 
different  and  much  more  likely  explanation.  It  is  a  well-known  fact, 
long  accepted  in  studies  of  the  problems  of  immunity,  that  the  injec- 
tion of  a  mildly  irritating  substance  into  the  peritoneal  cavity  of  an 
animal  greatly  increases  its  resistance  to  bacteria  injected  a  short 
time  later.  This  fact  has  been  repeatedly  demonstrated  with  many 
sorts  of  bacteria  and  many  types  of  irritants;  and  the  explanalioa 
which  seems  to  have  been  indisputably  established  is  that  the  in- 
creased resistance  of  the  animal  is  due  to  the  local  leucocytosls 
caused  by  the  injected  substance,  which  greatly  favors  prompt 
phagocytosis  of  the  bacteria  introduced.  If  instead  of  adrenalin  the 
experimenter  had  injected  bouillon,  or  urine,  or  tuberculin,  or  any 
one  of  a  large  number  of  other  substances,  before  injecting  his  cul- 
tures of  Proteus,  the  same  diminution  in  the  number  of  bacteria  io 
the  blood  would  probably  have  been  observed.  Indeed,  it  is  possible 
that  part,  at  least,  of  the  decreased  effect  of  the  poisons  injected  intra- 
peritoneally  after  a  preliminary  injection  of  adrenalin,  depends  upon 
this  local  leucocytosis,  since  it  has  been  shown  that  leucocytes  have 
the  power  to  take  up  soluble  poisons  as  Well  as  bacteria,  and  to  de- 
crease and  delay  their  effects. 

We  therefore  question  the  evidence  advanced  by  Exner  to  support 
the  hypothesis  that  such  physically  similar  substances  as  potassium 
iodide  and  potassium  cyanide  are  absorbed  from  the  peritoneum  by 
entirely  different  routes,  and  the  consequent  hypothesis  that  adrenalin 
injected  into  the  peritoneal  cavity  interferes  with  absorption  by  the 
lymphatics,  while  not  affecting  absorption  by  the  vessels.  On  the 
other  hand,  we  have  the  evidence  brought  forward  by  Starling  and 

<  The  relatively  greater  participation  of  bloodvessels  in  the  absorption  of  indiga 
carmine  from  the  peritoneal  cavity  has  been  demonstrated  by  Mendei.  :  Amerini 
journal  of  physiology,  rS99,  ii,  p.  342. 
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Tubby'  and  by  Mendel,'  that  various  substances  injected  into  the 
peritoneal  cavity  arc  absorbed  into  the  blood  vessels,  whereas  Exner 
concludes  that  strychnine,  physostigmine,  potassium  cyanide,  sodium 
indigosulphate,  and  presumably  many  other  substances,  are  absorbed 
rather  by  the  lymphatics  than  into  the  blood  vessels  directly. 
The  protocols  of  our  own  experiments  follow: 

Frotoool  I.  — A  dog,  weighing  18.5  kilos,  which  had  not  been  fed  since  the 
previous  day,  was  given  morphine,  and  when  drowsy  anaesthetized  with 
A.  C.  E.  mixture.  A  cannula  was  placed  in  the  thoracic  duct,  and  as  soon 
as  the  lymph  flow  had  become  steady  (i  1.50  a.  m.)  100  c.c.  of  an  emulsion 
containing  25  per  cent  of  mineral  oil,  held  in  (ine  suspension  with  gum 
acacia,  and  25  c.c.  of  a  solution  of  indigo  carmine,  were  introduced 
into  the  peritoneal  cavity  from  a  blunt  pipette.  The  lymph  flow  was 
carefully  watched.  It  remained  steady  at  the  rate  of  about  2.0  to  2.8  c.c. 
per  ten- minute  periods.  At  13.35  **'  "-  ^  sample  of  blood  was  withdrawn 
from  the  femoral  artery,  poured  into  strong  alcohol,  filtered,  and  the  filtrate 
evaporated  until  sufficiently  concentrated  to  show  the  greenish  color  of  the 
absorbed  indigo  carmine.  No  greenisti  tintwas  noted  in  the  lymph  flow- 
ing from  the  thoracic  duct  until  12.55,  '""^  '^'^  color  never  became  more 
pronounced  than  a  trace.  At  no  time  did  the  lymph  show  any  increase 
in  turbidity  to  indicate  the  presence  of  absorbed  particles  of  the  paraffin 
emulsion. 

At  3.20  p.  M.,  three  and  one-half  hours  after  the  injection  of  the  emulsion, 
350  c.c.  of  blood  were  withdrawn  for  analysis,  and  the  dog  was  killed. 
Autoi>sy  showed  the  emulsion  still  present  in  the  peritoneal  cavity,  but 
diluted  to  fully  300  c.c,  whereas  the  indigo  carmine  color  had  almost 
entirely  disappeared.  The  serosa  was  reddened  and  showed  evidences  of 
inflammation.  The  urine  in  the  dog's  bladder  was  colored  deep  green 
from  excreted  indigo  carmine. 

The  350  c.c.  of  blood  and  23  c.c.  of  the  lymph  collected  after  injection 
of  the  emulsion  were  both  examined  for  the  presence  of  the  mineral  oil, 
according  to  the  following  method  :  The  material  was  mixeit  with  three 
volumes  of  clean  sand,  and  dried  down  over  a  water  bath.  The  dried 
mixture  was  ground  well  in  a  mortar,  and  extracted  thoroughly  with  ether 
(in  the  Soxhiet  apparatus  in  the  case  of  the  lymph  ;  in  a  large  flask  with 
much  shaking  and  frequent  changes  of  elher  in  the  case  of  the  blood). 
The  ethereal  extract  was  in  each  case  evaporated  to  dryness,  the  residue 
taken  up  with  fresh  ether,  and  saponified  with  sodium  alcoholate,  the 
'.  being  allowed  to  stand  over  night  to  insure  completion  of  the 

>  Starling  and  Tubby:  Journal  of  physiology,  1S94,  xvi,  p.  140. 
*  Mbndel:  American  journal  of  physiology,  1899,  ii,  p.  342. 
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saponili cation.'  It  was  then  added  to  three  volumes  of  salt  and  dried, 
first  at  35°,  then  80°,  then  100".  When  thoroughly  dried,  this  salt  mixture, 
containing  soaps,  cholesterin,  and  any  mineral  oil  that  might  be  present, 
was  extracted  eight  hours  with  ether  in  the  Soxhlet  apparatus.  The  use  of 
salt,  a  procedure  advocated  by  Ritter,^  prevents  the  possible  absorption  of 
some  of  the  soaps  by  traces  of  water  in  the  ether.  Fron)  the  ethereal 
extract  was  obtained,  on  slow  evaporation,  a  small  amount  of  yellowish 
white,  crystalline  material,  which  gave  Salkowski's  reaction  for  cholesterin 
very  distinctly.  From  the  lymph  only  a  minute  amount  of  this  material 
was  obtained,  just  sufficient  to  afford  the  cholesterin  test. '  From  the  blood 
the  residue  obtained  on  evaporating  off  the  ether  seemed  to  contain  some 
sodium  alcoholate.  This  was  removed  by  shaking  out  with  water  and 
ether  together.  Afler  evaporation  of  this  ethereal  extract,  abundant 
crystals  were  obtained  with  typical  cholesterin  form,  which  gave  the 
Salkowski  reaction  distinctly,  and  melted  at  135°.  After  re  crystallization 
from  hot  alcohol  typical  cholesterin  plates  with  a  melting  point  of  142° 
(uncorr.)  were  obtained.  No  oily  material  of  any  kind  was  isolated,  either 
from  the  blood  or  lymph.  . 
Protoool  II.  — A  dog,  weighing  20  kilos,  was  prepared  as  in  the  preceding 
experiment.  At  11.22  a.  m.,  50  c.c.  of  a  15  per  cent  emulsion  of  mineral 
oil  and  15  c.c  of  indigo  carmine  solution  were  injected  into  the  peritoneal 
cavity.  In  this  dog  the  rate  of  lymph  flow  was  much  faster  than  in  the 
first  animal,  being  equal  to  8.8  c.c.  per  ten  minutes  before  the  injection  of 
the  emulsion.  At  11.50  the  lymph  began  to  show  the  indigo  carmine 
color.  The  first  blood  sample  examined  was  not  withdrawn  until  after 
this  time  {12.18  P.  M.)  and  showed  a  distinct  indigo  carmine  coloration. 
In  this  experiment  the  lymph  became-  much  more  deeply  colored  than  in 
the  previous  one,  possibly  because  of  a  hemorrhagic  inflammation  of  the 
peritoneum  found  at  autopsy,  which  also  caused  the  lymph  to  become 
bloody  after  2.15  p.  m.  The  rate  of  flow  continued  at  from  8  to  9  c.c. 
per  ten  minute  period.  At  4.22  p.  m.,  five  hours  after  the  emulsion  was 
introduced,  the  animal  was  bled  to  death.  Autopsy  showed  approximately 
300  c.c.  of  fluid  in  the  peritoneal  cavity,  which  contained  the  oil  emulsion, 
apparently  unabsorbed,  although  the  indigo  carmine  had  nearly  all  dis- 
appeared. There  was  a  great  deal  of  ecchymotic  infiltration  of  the 
peritoneum,  which  probably  caused  the  blood-stained  appearance  of  the 
lymph. 

330  c.c.  of  the  blood  drawn  at  the  time  of  killing  the  animal,  and  all 
the  lymph  (236  c.c.)  collected  afler  the  injection  of  the  emulsion,  were 

'  See  KOSSEL  and  OneRMULLER  :  Zeitschrift  fiir  physiologische  Chemie,  1890, 
xiv,  p.  5991  and  KossEL  and  KrOger:  Ibid.,  iS9t,  xv,  p.  321. 

*  RiTTER  L  Zeitschrift  fiir  physiologische  Chemie,  1902,  xxxiv,  p.  430. 
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dried  down  upon  sand,  and  treated  as  previously  described.  In  neither 
specimen  was  any  evidence  of  the  presence  of  absorbed  mineral  oil 
obtained.  About  100  c.c.  of  blood  was  extracted  with  ether  and  treated 
after  the  method  followed  by  Exner,  in  which  saponification  is  accom- 
plished by  alcoholic  potash,  to  see  if  an  oily  product  similar  to  that 
described  by  him  could  be  obtained.  The  residue  obtained  on  slowly 
evaporating  the  ethereal  extract  was  crystalline,  reacted  for  cholesterin, 
but  melted  at  100°,  while  the  material  obtained  by  the  Kossel  and  Ritter 
methods  melted  at  from  115"  to  120°,  as  first  obtained,  without  further 
purification.  Recrystallization  from  hot  alcohol  gave  nearly  pure  choles- 
terin from  all  three  products. 

From  these  two  experiments  we  find  no  evidence  that  a  finely 
divided  suspension  of  mineral  oil  is  absorbed  from  the  peritoneal 
cavity  of  the  dog,  in  the  course  of  three  to  five  hours,  in  sufficient 
quantities  to  be  detected  in  the  systemic  blood  or  in  the  lymph 
flowing  from  the  thoracic  duct. 
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THE  EFFECT  OF  CARBOHYDRATES  ON  RESISTANCE  TO 
LACK  OF  OXYGEN. 

By  wales    H.  PACKARD. 

[Frtat  Ike    Marint  Biaiagica!  LaharalBry  at  Woods  Hell,  and  lie  Biological  DifartmttH 
ef  tht  Bradley  PalyUchnic  iHititutt,  Pieria,  ]Uinoit.\ 

I.  Introduction. 

IN  a  theory  of  the  nature  of  protoplasmic  respiration  Matiiews' 
has  recently  brought  forward  the  hypothesis  that  respiration  is  the 
dissociation  of  water  with  the  liberation  of  hydrogen.  In  the  proto- 
.  plasm  there  is  some  substance  (or  substances)  of  unknown  nature 
which  splits  off  water  from  itself  and  sets  free  active  particles.  These 
active  particles  attack  the  water  of  the  protoplasm,  decomposing  it  into 
oxygen  and  hydrogen.  The  oxygen  combines  with  the  substances  of 
the  protoplasm,  thus  oxidizing  them;  the  hydrogen  is  either  united 
with  atmospheric  oxygen  to  form  water  (aerobic  respiration),  or  is  set 
free  in  gaseous  form,  or  it  combines  with  other  substances  in  the 
protoplasm  (anaerobic  respiration).  According  to  this  hypothesis 
the  atmospheric  oxygen  acts  the  part  only  of  a  depolarizer  to  take 
care  of  the  nascent  hydrogen  formed  from  the  water,  and  any  other 
substance  which  unites  readily  with  nascent  hydrogen  can  replace 
atmospheric  oxygen  and  permit  respiration  to  go  on  in  the  absence  of 
air.  Maze  ^  found  that  acetic  acid  could  be  formed  by  certain  bac- 
teria from  alcohol  in  the  absence  of  air  if  lasvulose  were  present;  the 
IkvuIosc  at  the  same  time  being  converted  into  mannite. 

In  the  presence  of  air  alcohol  is  oxidized  to  acetic  acid  as  follows : 

C,H,OH  +  O ,  =  CHiCOOH  +  H,0 

In  the  absence  of  air  and  in  the  presence  of  Isevulose  the  oxygen  is 
derived  from  the  water,  and  the  hydrogen  thus  set  free  joins  itself  to 
the  Ifevulose  and  forms  mannite. 

'  Mathews:  Biological  bulletin,  1905,  viii,  p.  331. 

'  Maze:  Annales  de  I'lnatitm  Pasteur,  1904,  xviii,  p.  277. 
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CH.OH  +  H,0  =  CH,COOH  +  2H, 
2H,  +  2C,Hi,0,  =  2C,H„0, 

In  this  case  the  Isevulose  acts  as  a  depolarizer  by  uniting  with  the 
nascent  hydrogen  and  permits  oxidation  to  go  on  in  the  absence  of 
air. 

If  this  principle  is  capable  of  a  wide  application,  it  ought  to  be  pos- 
sible by  the  injection  of  certain  substances  into  the  blood  of  animals 
which  will  thus  act  as  depolarizers,  to  enable  the  tissues  to  carry  on 
respiration  in  the  absence  of  atmospheric  oxygen,  or,  in  other  words, 
to  greatly  increase  their  power  of  resistance  to  a  lack  of  oxygen. 

In  a  previous  paper  ^  the  author  presented  a  series  of  experiments 
which  showed  that  the  power  of  resistance  of  the  common  Minnow 
(Fundulus  heteroclitus)  to  lack  of  oxygen  may  be  increased  by  increas- 
ing the  alkalinity  of  the  blood  by  the  injection  of  sodium  bicarbonate. 

In  the  same  paper  was  also  reported  the  attempt  to  increase  their 
power  of  resistance  by  the  injection  of  Isevulose,  hut  without  apparent 
success.  It  was,  however,  stated  that  the  experiments  were  necessarily 
brought  to  a  close  before  the  author  was  satisfied  in  regard  to  this, 
and  that  further  experiments  would  be  taken  up  another  summer.  It 
was  further  suggested  that  perhaps  enough  time  had  not  been  allowed 
for  the  absorption  of  the  lajvulose  from  the  body  cavity  into  the 
blood  stream.  The  experiments  were  repeated  with  the  changes  indi- 
cated during  the  past  summer  and  were  further  extended  to  include 
other  carbohydrates  than  lasvulose. 

II.  Effect  of  the  Injection  of  Carbohydrates  on  Resistance 
TO  Lack  of  Oxygen. 
The  experiments  were  performed  in  a  manner  similar  to  those 
described  in  the  previous  paper.  The  animals  were  first  assorted  ac- 
cording to  size  and  acx,  and  in  any  one  experiment  only  animals  of 
the  same  sex  and  approximately  the  same  size  were  used.  This  was 
afterwards  proved  ttS  be  an  entirely  unnecessary  precaution,  as  experi- 
ments showed  that  there  was  no  constant  difTerence  in  resistance  to 
lack  of  oxygen  in  males  and  females  or  in  large  and  small  animals. 
The  fish  were  injected  in  the  body  cavity  with  from  five  to  eight  drops 
of  a  0.5  molecular  solution  of  the  carbohydrate  whose  effect  was  to  be 
tested.     The  above  solution  is  approximately  isotonic  with  the  blood 

>  Packard  :  This  journal,  1905,  xv,  p.  30. 
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of  marine  telcosts,^  and  was  used  in  that  strength  to  avoid  osmotic 
effects  with  the  blood. 

For  an  experiment  ten  of  the  injected  fish  were  placed  in  an  aqua- 
rium jar  with  running  water  along  with  ten  others  properly  marked  to 
serve  as  controls.  They  were  then  left  in  the  running  water  for  about 
twenty-four  hours  to  allow  ample  time  for  the  absorption  of  the  car- 
bohydrate which  previous  experiments  had  shown  to  be  quite  slow. 
The  effect  was  not  shown  if  less  than  eighteen  hours'  time  was  al- 
lowed for  absorption,  nor  did  the  effect  seem  to  last  beyond  thirty-six 
hours  after  injection.  The  fish  (lo  injected  and  lO  controls)  were 
then  placed  in  a  litre  flask  which  was  immediately  filled  with  sea 
water  and  tightly  stoppered  so  that  all  air  was  excluded.  Under  these 
conditions  the  animals  quickly  exhausted  the  available  supply  of  air 
and  were  thus  under  conditions  of  lack  of  oxygen.  In  the  previous 
paper '■^  it  was  shown  that  this  method  was  as  effective  as  when  elabo- 
rate methods  were  ustfd  to  remove  the  oxygen  from  the  water,  and  also 
that  we  are  here  dealing  with  phenomena  of  lack  of  oxygen  and  not 
with  the  effects  of  the  accumulation  of  carbon  dioxide.  The  length  of 
time  the  animals  were  left  in  the  flask  is  given  in  the  tables  in  connec- 
tion with  each  experiment.  ■  It  was  usually  until  all  movements  of  the 
animals  had  ceased.  The  animals  were  then  removed  to  fresh  run- 
ning sea  water  and  left  several  hours  for  reviving.  Enough  time  was 
allowed  for  this  so  that  all  animals  not  actually  killed  in  the  experi- 
ment were  given  a  sufficient  chance  to  recover. 

Table  I  shows  the  results  of  the  experiments  with  the  injection  of 
laevulose. 

It  will  be  seen  from  the  summary  that  out  of  194  live  individuals 
135.  or  70  per  cent,  were  those  which  had  been  injected  ;  while  only  59, 
or  30  per  cent,  were  controls.  Of  the  166  dead,  only  45,  or  27  per 
cent,  had  been  injected,  while  121,  or  73  per  cent,  were  the  controls. 

The  very  great  individual  variation  in  resistance  to  lack  of  oxygen 
in  different  individuals  renders  it  necessary  to  use  many  experiments 
and  large  numbers  of  individuals.  This  individual  variation  also  ex- 
plains why  some  (27  per  cent)  of  the  injected  animals  were  killed  by 
the  lack  of  oxygen  and  a  similar  number  (30  per  cent)  of  the  controls 
were  left  alive. 

In  the  table  all  the  experiments  which  were  made  are  given,  and  an 
examination  of  each  will  show  that  while  the  increase  in  resistance 

'  Garrev  :  Biological  bulletin,  1905,  viii,  p.  257. 
*  Packard:  Loc.  cit. 
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conferred  by  the  Isevulose  was  in  some  cases  not  very  marked,  yet  in 
every  experiment  the  effect  was  shown,  for  In  each  case  a  greater 
number  of  the  injected  animals  than  of  the  controls  were  left  alive, 
and  a  greater  number  of  the  controls  than  of  the  injected  were  dead. 

TABLE   I. 

FuNDULUs  Injected  wm'h  0.5  Mol.  L^vulose. 


Time  between 
injeclion  and 

Time  in 
flask. 

Injected. 

Conlrola. 

Alive. 

Dead. 

Alive. 

Dead. 

hn.  BiB. 
22  50 

kn.  mil. 

-        9 

1 

7 

3 

22  40 

330 

7 

3 

2 

8 

23  40 

330 

2 

8 

0 

10 

23  20 

3  35 

4 

6 

2 

8 

22  30 

10 

0 

4 

6 

21  20 

9 

1 

0 

10 

21  35 

9 

1 

4 

6 

22  20 

7 

3 

4 

6 

17  10 

6 

4 

1 

9 

16  25 

10 

0 

7 

3 

IS  55 

10 

0 

6 

4 

18  35 

6 

4 

0 

10 

35  SO 

10 

0 

* 

6 

35  10 

7 

3 

4 

6 

26  10 

3  15 

6 

■ 

9 

23  30 

9 

1 

5 

S 

20  35 

3  15 

8 

2 

4 

6 

19  55 

3  15 

S 

2 

4 

6 

Total 

.    135 

4S 

59                    121 

Alive,  194 Injected  135  {70  per  c( 

Dead,  166 Injected    45  (27  per  cc 


Controls    S9  (30  per  ci 
Controls  121  (73  per  ci 
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Table  II  shows  the  effect  of  the  injection  of  glucose.  The  results 
are  almost  identical  with  those  with  Icevulosc.  71  per  cent  of  the 
injected  and  only  29  per  cent  of  the  controls  were  alive,  while  only 
27  per  cent  of  the  injected  were  dead  as  contrasted  with  73  per  ceni 
controls. 

TABLE   II. 
FuNDiiLus  Injected  with  aS  Mol.  Glucose. 


Time  between 
injection  and 
pUcingi,. 

Time  in 
flask. 

Injected. 

Controls. 

Ative. 

Dead. 

Alive. 

Dead. 

zs  30" 

3  IS  ■ 

5 

Z4  15 

3  IS 

S 

Z4  10 

3  IS 

8 

24  05 

3  IS 

6 

n  15 

3 

S 

n  40 

3  15 

s 

2 

23  20 

3  30 

y 

23  30 

3  30 

7 

23  45 

3 

6 

20  05 

3  IS 

8 

20  15 

3  15 

6 

22  00 

2  30 

9 

Total  . 

.    88 

32 

■37 

SJ 

StTMMARr, 

Ative,  125 Injected  88  (71  per  cent).     Controls  37  (29  per  cent). 

Dead,  115 Injected  32  {Z7  per  cent).    Controls  83  (73  per  cent). 

Maze^  was  unable  to  obtain  any  results  with  glucose  such  asb 
obtained  with  laevulose.  If  glucose  were  used  instead  of  lievulose.  hi 
found  no  production  of  mannite,  and  hence  but  a  trifling  oxidatioi 
of  alcohol  into  acetic  acid.  Perhaps  plant  respiration  may  be  slightl; 
different  in  this  respect  from  animal  respiration. 

Table  III   gives  the   results  of  the  injection  with  maltose.    Thi 
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effect  of  maltose  is  even  greater  than  either  of  the  monosaccharides 
used.  Of  those  left  alive  78  per  cent  were  injected  and  22  per  cent 
were  controls,  while  of  the  dead  only  23  per  cent  were  injected  and  •J^ 
per  cent  were  controls. 

TABLE  III. 
FuNDULUs  Injected  with  O.S  Mol.  Maltose. 


Time  between 
pl»ang"in  flllsk. 

Time  in 

flask. 

Injected. 

Con 

rols. 

Alive. 

Dead. 

Alive. 

Dead. 

2045 

3  IS 

,0 

0 

6 

21  00 

3  IS 

<■ 

4 

S 

21  ZS 

300 

■> 

1 

6 

21  IS 

300 

9 

1 

7 

22  45 

330 

7 

3 

9 

ZJOO 

330 

4 

6 

8 

24  00 

330 

7 

3 

9 

24  15 

3  30 

8 

2 

9 

22  30 

230 

8 

2 

2 

8 

22 

20 

70 

Alive.  88 Injected  68  (78  pet  cent).    Controls  20  (22  per  cent). 

Dead,  92 Injected  22  (23  per  cent).    Controls  70  (77  per  cent). 

Tables  IV  and  V  give  the  results  of  the  injection  with  two  other 
common  disaccharides  —  cane  sugar  and  lactose.  It  will  be  seen 
from  the  summary  of  each  that  approximately  an  equal  number  of 
controls  and  injected  were  alive.  The  difference  in  percentage  be- 
tween injected  individuals  and  controls  both  left  alive  and  dead  is 
well  within  the  limits  of  individual  variation.  Another  fact  is  to  be 
noted.  The  average  length  of  time  the  animals  injected  with  lactose 
were  left  in  the  flask  is  about  the  same  as  that  in  the  experiments  with 
Isevulose,  glucose,  or  maltose,  and  yet  a  much  larger  proportion  of 
the  animals  died.  The  same  is  even  more  strikingly  shown  in  the 
experiments  with  cane  sugar,  where  the  average  length  of  time  in  the 
flask  is  much  less  than  that  in  the  other  experiments,  and  still  a  much 
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larger  proportion  of  the  animals  died.  This  fact  adds  evidence  to 
the  conclusion  to  be  drawn  from  Tables  IV  and  V,  that  the  injection 
of  cane  sugar  and  lactose  does  not  confer  any  increased  power  o( 
resistance    to   lack    of   oxygen.     The  animals  left  alive  were  those 


TABLE  IV. 
Injected  with  OS  Mol.  Cane  Suc.ar. 


Time  between 
injection  and 
placing  in  flask. 

Time  in 
ttask. 

Injecled. 

Controls. 

Alive. 

Dead. 

Alive. 

Dcid. 

Z7I0 

2  45   ■ 

5 

" 

6 

27  30 

2  45 

10 

J 

9 

27  15 

2  45 

5 

5 

5 

27  30 

2  45 

6 

6 

24  45 

2  30 

5 

2 

8 

24  30 

2  30 

7 

6 

24  15 

2  30 

7 

9 

24  15 

2  30 

7 

9 

22  30 

200 

9 

1 

5 

22  30 

200 

6 

4 

3 

22  30 

200 

5 

5 

2 

Total . 

.    48                    62 

6S 

Alive,    90 Injected  43  (53  percent)-     Controls  42  (47  per  cent). 

Dead,  130 Injected  62  (47  per  cent).    Controls  6S  (53  per  cent). 

whose  individual  variation  in  resistance  was  great  enough  to  enable 
them  to  live  that  length  of  time  in  lack  of  oxygen. 

It  is  commonly  accepted  that  carbohydrates  cannot  be  absorbed 
and  assimilated  until  they  have  been  converted  into  monosaccharides. 

If  polysaccharides  or  disacchartdcs  are  introduced  into  the  circula- 
tion they  are  immediately  eliminated  in  the  urine  unless  the  blood 
contains  the  necessary  enzymes  to  convert  them  into  the  simpler 
sugars. 
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Dastre,  Voit,  Blumenthal,  and  others  have  studied  the  assimilation 
of  carbohydrates  when  introduced  into  the  body  with  the  avoidance 
of  the  alimentary  tract. 

TABLE  V. 
FuNDULUs  Injected  with  O.S  Mol.  Lactose. 


Time  bcKreen 
placing  in  flask. 

Time  in 

fluk. 

Injected. 

Control*. 

Alive. 

Dead. 

Alive. 

Dead. 

2600' 

3  15 

4 

6 

20  00 

3  15 

3 

7 

22  45 

3  15 

2 

8 

23  00 

3  IS 

0 

10 

24  IS 

2« 

1 

9 

24  30 

2  45 

3 

7 

21  00 

3  15 

2 

8 

10 

21  00 

3  IS 

1 

9 

22  10 

3  IS 

3 

7 

22  15 

3  15 

4 

6 

23  IS 

3  IS 

1 

9 

22  SS 

2  IS 

2 

8 

23  10 

2  IS 

2 

8 

3 

Total    . 

.      28 

102 

31                    99 

Alive,    59 Injected,    28  (4S  per  cent).     Controls,  31  (52  per  cent). 

Dead,  201 Injected,  102  (SI  per  cent).    Controls,  99  (49  per  cent). 

Dastre  and  Bourquelat^  found  that  maltose  when  introduced  sub- 
cutaneously  and  intravenously  was  absorbed  nearly  as  well  as  dextrose 
and  much  better  than  cane  sugar,  nearly  all  of  the  cane  sugar  being 
recovered  in  the  urine. 

Dastre  ^-  later  reported  that  lactose  was  scarcely  absorbed  at  all. 

'  Dastre  and  Bourquelat:  Comptes  rendus,  i884,"xcviii,  p.  1604, 
'  Dastre:  Archives  de  physiologie,  1889,  p.  718;  1890,  p.  103. 
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Voit,'  in  some  studies  on  the  excretion  of  various  carbohydrates 
by  the  kidneys  in  man  after  subcutaneous  injection,  gives  the  same 
results.  Practically  no  dextrose,  lievulose,  or  maltose  was  recovered 
in  the  urine,  while  cane  sugar  and  lactose  were  thrown  out  in  almost 
the  same  quantities  in  which  they  were  injected. 

Our  experiments  plainly  coincide  with  the  above  results.  Dex- 
trose, lasvulose,  and  maltose  were  absorbed  and  produced  an  increased 
resistance  to  lack  of  oxygen;  cane  sugar  and  lactose  were  not  absorbed, 
and  hence  produced  no  eflfect.  The  blood  of  Fundulus  evidently 
contains  a  maltase,  but  no  invertase  or  lactase. 


III.   EprECT  OF  Feeding  with  Proteid  Food  on  Resistance  to 
Lack  of  Oxygen. 

A  possible  objection  to  the  conclusions  drawn  from  our  experiments 
with  carbohydrates  may  be  this;  the  effect  of  the  injection  of  carbo- 
hydrates in  increasing  resistance  to  lack  of  oxygen  is  not  due  to  the 
rftle  they  may  play  in  respiration,  but  is  merely  the  effect  which  any 
food  would  have  in  increasing  general  bodily  strength  and  resistance 
to  adverse  conditions,  especially  when  compared  with  animals  used  as 
controls  which  had  been  kept  in  an  aquarium  for  some  days,  and 
hence  in  a  condition  of  partial  starvation. 

In  order  to  test  this  objection  the  following  experiments  were  car- 
ried out.  The  Fundulus  were  kept  in  an  aquarium  without  food  for 
several  days.  For  experimentation  a  series  of  animals  were  then 
placed  in  aquarium  jars  and  fed  with  common  mussels  (Mytilus)  for  a 
period  of  about  twenty-four  hours.  As  they  were  in  a  partly  starved 
condition,  they  were  all  seen  to  eat  greedily,  and  they  were  kept 
supplied  with  food  during  the  whole  period.  This  diet  of  course 
consists  very  largely  of  proteids,  with  only  a  very  small  amount  of 
carbohydrate  material.  Another  series  of  animals  were  kept  under 
similar  conditions,  but  without  food,  for  controls. 

The  fed  animals  and  the  controls  were  then  placed  in  flasks,  as  in 
the  other  experiments,  to  test  their  resistance  to  lack  of  oxygen. 

Table  VI  gives  the  results.  From  the  summary  it  will  be  seen  that 
approximately  an  equal  percentage  of  the  fed  animals  and  the  controls 
were  left  alive.  These  experiments  prove  that  feeding  with  proteid 
food  does  not  increase  the  power  of  resistance  to  lack  of  oxygen,  and 

•  Voir:   Miinchencr  medicinische   Wochenschrift,  1896,  p.   717;    Deutschea 

Archiv  fiir  klinische  Medicin,  1897,  Iviii,  p.  521. 
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hence  answer  the  objection  that  carbohydrates  act  by  merely  increasing 
bodily  strength. 

The  general  conclusion  to  be  drawn  from  all  the  experiments  is  that 
those  carbohydrates  which  can  be  absorbed  by  the  animal  increase  its 


TABLE   VI. 
PuHDiTLUs  Fed  with  Mussels. 


Time  between 

placiriR  in 
flask. 

Time  in 
tiask. 

F«d. 

Control*. 

Alive. 

Dead. 

Alive. 

Dead. 

kn.  idi. 
21  00 

2  30' 

19  SO 

2  15 

19  15 

2  45 

19  IS 

2  45 

20  00 

2  45 

{ : 

19  15 

2  30 

21  00 

3  IS 

24  00 

2  4S 

24  00 

21s 

22  00 

2  45 

22  00 

2  45 

22  00 

3  00 

4 

6 

22  30 

3  00 

4 

3 

22  30 

3  00 

3 

8 

2 

Total . 

87 

93 

97                  83 

Alive,  184 Fed  87  (48  per  cent).    Controls  97  (52  per  < 

Dead,  176 Fed  93  [52  per  cent).    Controls  83  (48  per  < 
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resistance  to  lack  of  oxygen.  The  experiments  also  support  Mathews' 
theory  of  protoplasmic  respiration,  that  any  substances  which  can 
readily  unite  with  nascent  hydrogen,  and  thus  act  as  depolarizers, 
can  replace  atmospheric  oxygen  and  permit  respiration  to  go  on  in 
the  absence  of  air. 

Howell'  has  observed  that  cane  sugar  and  dextrose  will  produce 
recovery  of  contractions  after  the  so-called  "  sodium  chloride  arrest " 
in  strips  of  heart  muscle.  He  says :  "  After  a  heart  strip  has  given  its 
typical  series  of  contractions  in  NaCl  and  the  stage  of  the  so-called 
exhaustion  is  reached,  immersion  in  isotonic  solutions  of  sugar  gives 
usually  a  more  or  less  definite  series  of  contractions  lasting  for  about 
an  hour."  The  immersion  of  a  fresh  strip  of  heart  muscle  in  the 
solutions  of  sugar  gave  no  contractions  whatever. 

Lingle^  believes  that  the  "  sodium  chloride  arrest  is  probably  due 
to  a  lack  of  oxygen  in  the  salt  solutions,"  and  finds  that  hydrogen 
peroxide  and  oxygen  gas  will  produce  recovery  of  contractions  after 
sodium  chloride  exhaustion. 

Martin*  also  mentions  the  fact  of  the  recovery  of  muscle  strips 
after  sodium  chloride  arrest  by  the  removal  of  the  strip  to  an  isotonic 
cane  sugar  solution,  and  also  shows  that  the  sugar  solution  has  no 
effect  on  fresh  muscle.  Its  effect  is  produced  only  after  previous 
exhaustion. 

In  a  more  recent  paper  Martin'  has  carefully  studied  the  influence 
of  oxygen  upon  the  activity  of  heart  muscle  strips.  He  finds  that 
under  conditions  of  deficiency  of  oxygen  or  in  the  presence  of  a 
moderate  oxygen  supply  the  sodium  chloride  arrest  is  probably  chiefly 
due  to  lack  of  oxygen,  and  that  "  after  exhaustion  in  an  oxygen-free 
bath  an  excellent  and  long-continued  recovery  could  be  obtained  by 
a  thorough  oxygenation  of  the  solution  or  by  transferring  the  strip 
to  a  moist  chamber." 

The  above  facts  may  be  explained  on  the  basis  of  Mathews'  theory 
of  respiration  and  in  accordance  with  the  experiments  described  in 
this  paper.  The  sodium  chloride  arrest  is  acknowledged  to  be  due 
in  part  at  least  to  lack  of  oxygen,  and  the  action  of  sugar  solutions 
in  the  recovery  from  the  exhaustion  is  simply  their  effect  in  acting  as 
depolarizers  and  enabling  the  muscle  to  carry  on  respiration  for  a 

1  Howell:  This  journal,  1901,  vi,  p.  181. 
'  Lingle:  Ibid.,  1902,  viii,  p.  75. 

•  Martls  :  Ibid.,  1904,  xi,  p.  103. 

*  Martin:  Ibid.,  1906,  xv,  p.  303. 
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time  in  the  absence  of  oxygen.  Placing  the  exhausted  muscle  in  the 
sugar  solutions  has  the  same  effect  as  placing  them  in  a  moist  cham- 
ber in  contact  with  the  air  or  in  an  oxygenated  solution.  Thia 
explanation  that  carbohydrates  act  as  depolarizers  also  indicates  that 
the  rdie  of  carbohydrates  as  the  source  of  energy  in  muscular  con- 
traction may  be  somewhat  different  from  that  ordinarily  accepted. 

Among  the  plants,  Diakonow  ^  has  found  that  "  Penicillum  and 
Aspergillus  are  killed  or  severely  injured  by  the  withdrawal  of  oxygen 
for  a  single  hour,  but  both  live  a  little  longer  when  provided  with 
sugar,"  which  fact  is  also  easily  explained  on  the  basis  of  the  above 
theory. 

IV.  Resistance  to  Lack  of  Oxygen  in  Funduh;s  Embryos.  ^ 

It  is  a  commonly  accepted  fact  that  the  embryo  has  a  greater 
power  of  resistance  in  general  than  the  fully  developed  animal. 
Little  is  known,  however,  as  to  whether  this  power  of  resistance  de- 
creases steadily  with  the  progress  of  development  of  the  embryo,  or 
whether  there  are  sudden  changes  in  resistance  in  the  transition  from 
one  stage  of  development  to  another.  Loeb'  has  studied  the  relative 
sensitiveness  of  Fundulus  embryos  in  various  stages  of  development 
to  lack  of  oxygen.  He  finds  that  the  embryo  is  more  sensitive  to 
lack  of  oxygen  the  older  it  is,  and  that  the  sensitiveness  increases 
more  rapidly  at  first  than  later.  Eggs  just  fertilized  would  con- 
tinue their  development  after  they  had  been  in  an  oxygen  vacuum  for 
four  days.  Twenty-four  hours  after  fertilization  they  would  resist  a 
lack  of  oxygen  only  forty-eight  hours,  while  two-day-old  and  three- 
day-old  embryos  lost  their  power  of  development  after  thirty-two 
hours  and  twenty-two  hours  respectively.  Young  fish  just  hatched 
were  still  less  resistant. 

As  it  has  been  found  that  the  average  resistance  to  lack  of  oxygen 
in  the  adult  Fundulus  is  about  three  and  a  half  hours,'  it  seemed 
advisable  to  determine  whether  the  decrease  in  power  of  resistance 
from  twenty-four  hours  in  the  three-day-old  embryo  to  three  and  a 
half  hours  in  the  adult  was  a  constant  decrease  or  not,  and  to  deter- 
mine if  possible  some  of  the  causes  of  the  decrease. 

1  DiAKONOW  :  The  original  papers  were  not  available.  Cited  from  Pfeffer's 
Physiology  of  plants,  translated  by  A.  J.  EwART,  i,  p.  536. 

'   LoEB ;  Archiv  fiir  die  gesammte  Physiologie,  1894,  Iv.  p.  530. 
•  Packard:  Loc.  cit. 
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The  results  given  in  the  following  experiments  show  that  the  de- 
crease in  power  of  resistance  to  lack  of  oxygen  is  not  continuous  but 
exhibits  sudden  changes.  The  resistance  of  an  embryo  about  ready 
to  hatch  (1.  e.,  twelve  to  fifteen  days  after  fertilization)  is  practically 
the  same  as  that  of  a  three-day-old  embryo.  There  is  a  sudden 
decrease  in  resistance  of  nearly  one-half  at  the  time  of  hatching  and 

TABLE   VII. 
Length  at  Life  of  Fundulus  Embryos  in  Lack  of  Oxvubn. 


Age  of  embryos. 

Minimum. 

Maximum. 

Average  of 

3-15  days  after  fertilization 

12  30  ■ 

n'ao 

16  33' 

Just  hatched 

Removed  from  egg  mem- ) 

branc,  12-16   days  after  \ 

fertilization.                          ) 

12-24  hours  after  hatching 

7  45 
7  15 

3  45 

930 

11  00 

730 

8  15 

8  52 
h  02 

36-48  hours  after  hatching 

2  45 

430 

3  25 

4  days  after  hatching     .    . 

2  15 

2  45 

2  30 

7  days  after  hatching     .    . 

SO 

^'° 

1  14 

following  that  a  rather  steady  decrease  until  about  forty-eight  hours 
after  hatching,  when  the  power  of  resistance  is  no  greater  than  that 
of  the  adult.  This  sudden  increase  in  sensitiveness  to  lack  of 
oxygen  seems  to  be  connected  with  the  loss  of  the  perivitelline  fluid 
at  the  time  of  hatching,  and  the  absorption  of  the  yolk  sac  which 
takes  place  during  the  first  thirty-six  hours  after  hatching. 

In  these  experiments  the  oxygen  was  removed  by  hydrogen  gas, 
which  was  prepared  in  the  usual  manner  in  a  Kipp  apparatus.  The 
gas  was  thoroughly  washed  through  sodium  hydrate  solution,  alka- 
line potassium  permanganate  solution,  and  distilled  water.  For  obser- 
vation the  embryos  were  placed  in  paraffin  cells  in  an  Englemann 
gas  chamber.  As  the  circulation  in  the  Fimdulus  embryo  is  already 
well  established  by  the  third  day,  the  cessation  of  the  heart  contrac- 
tions was  in  every  case  taken  as  the  deathpoint.  Table  VII  gives 
the  results  of  these  experiments. 

No  constant  change  in  resistance  to  lack  of  oxygen  could  be 
detected  in  the  embryos  from  the  third  day  up  to  the  time  of  hatch- 
ing.    All  the  differences  shown  in  the  different  experiments  were  well 


Digitized  by  Google 


Carbohydrates  on  Resistance  to  Lack  of  Oxygen,     lyy 

within  the  limits  of  individual  variation  in  resistance.  Loeb's  observa- 
tions showed  that  from  after  fertilization  to  the  third  day  there  was 
a  constant  decrease  in  power  of  resistance;  but  it  seems  that  from 
this  point  on,  after  the  circulation  is  well  established  in  the  embryo, 
there  is  practically  no  decrease.  The  general  average  of  resistance 
to  lack  of  oxygen  during  this  period  is  given  as  about  sixteen  and 
a  half  hours. 

At  the  time  of  batching,  however,  a  sudden  change  occurs.  The 
resistance  of  the  embryos  just  hatched  is  not  more  than  half  that 
of  the  embryo  within  the  membrane.  In  many  experiments  with 
embryos  twelve  to  sixteen  days  old  and  still  within  the  egg  mem- 
brane, the  stimulus  of  the  withdrawal  of  the  oxygen  was  sufficient  to 
cause  a  number  of  the  embryos  to  break  out  of  the  egg  membrane, 
and  thus  there  were  in  the  gas  chamber  both  embryos  still  within  the 
egg  membrane  and  those  just  hatched  out.  In  every  case  the  resist- 
ance of  those  embryos  just  hatched  was  approximately  one-half  that 
of  the  embryos  of  the  same  age,  but  still  within  the  egg  membrane. 
The  general  average  of  resistance  of  such  embryos  just  hatched  is 
given  in  the  table  as  eight  hours  and  fifteen  minutes. 

It  was  also  found  that  embryos  from  twelve  to  sixteen  days  old 
could  be  artificially  hatched  by  pricking,  and  tearing  the  egg  mem- 
brane apart.  The  embryos  thus  removed  from  the  membrane  had 
approximately  the  same  average  of  resistance  as  the  embryos  hatched 
under  more  normal  conditions,  and  many  experiments  were  made  with 
embryos  artificially  hatched  in  this  manner.  Their  general  average 
of  resistance  is  given  as  eight  hours  and  fifty-two  minutes,  which  is 
approximately  the  same  as  those  which  were  more  normally  hatched. 
From  the  time  of  hatching  there  is  a  constant  and  rapid  decrease 
in  power  of  resistance  to  lack  of  oxygen.  In  embryos  from  twelve  to 
twenty-four  hours  after  hatching  the  general  average  of  resistance 
was  about  five  hours,  and  for  embryos  thirty-six  to  forty-eight  hours 
after  hatching  about  three  and  a  half  hours,  which  is  practically  the 
general  average  of  resistance  for  the  adult  individuals. 

Thus  within  forty-eight  hours  the  resistance  of  the  embryos  has 
decreased  from  sixteen  and  a  half  hours,  the  general  average  of  the 
unbatched  embryos,  to  three  and  a  half  hours,  which  is  the  general 
average  of  the  adult.  After  this  period  of  sudden  change  in  power 
of  resistance  there  follows  slow  and  continuous  decrease,  which  was 
followed  in  our  experiments  until  the  seventh  day  after  hatching. 
The  general  average  for  the  fourth  day  after  hatching  was  two  and  a 
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half  hours ;  for  the  seventh  day  one  hour  and  fourteen  minutes.  At 
this  time  in  the  aquarium  the  embryos  were  dying  rapidly.  It  sterns 
difficult  to  keep  them  for  a  longer  period  under  the  artificial  condi- 
tions of  even  a  well-balanced  aquarium. 

In  explanation  of  the  relative  increase  in  sensitiveness  of  the  fish 
embryos  to  lack  of  oxygen  Loeb '  assumes  "  that  the  cells  which  are 
formed  from  the  egg  cell  during  the  first  stages  of  cleavage  are 
different  chemically  from  the  cells  which  are  formed  later,  so  that  the 
latter  go  to  pieces  more  easily  in  lack  of  oxygen  than  the  former." 
No  indication,  however,  is  given  as  to  what  constitutes  this  chemical 
difference. 

On  the  basis  of  the  experiments  given  in  the  first  part  of  this  paper 
the  following  explanation  is  offered. 

It  may  be  assumed  that  the  Fundulus  egg  is  well  provided  with 
some  substance  or  substances,  presumably  of  a  carbohydrate  nature, 
which  can  act  as  depolarizers  in  the  process  of  respiration,  and  thus 
enable  the  egg  to  carry  on  respiration  for  a  time  in  the  absence  of 
air.  This  would  make  the  egg  very  resistant  to  the  withdrawal  of 
oxygen.  It  may  further  be  assumed  that  these  carbohydrate  sub- 
stances are  used  up  in  the  processes  of  development,  and  the  embryo 
thus  becomes  less  and  less  resistant  as  development  progresses.  This 
material  seems  to  be  used  up  very  rapidly  during  the  first  three  days 
of  development,  and  but  very  slowly  if  at  all  after  the  establishment  of 
the  circulation  until  the  time  of  hatching.  At  the  moment  of  hatching 
there  is  lost  the  fluid  between  the  embryo  and  the  egg  membrane. 
In  the  embryos  which  were  removed  by  pricking  the  egg  membrane 
this  fluid  was  always  seen  to  exude  through  the  puncture.  Presum- 
ably this  happens  when  the  embryo  itself  breaks  the  membrane. 
The  loss  of  this  perivitelline  fluid  would  account  for  the  very  sudden 
decrease  of  resistance  at  the  time  of  hatching.  After  hatching  the 
embryo  enters  upon  a  much  more  active  life  than  whea  within 
the  membrane.  At  the  time  of  hatching  the  yolk  sac  attached  to 
the  embryo  is  large  and  rounded.  It  is  so  heavy  that  the  animal 
swims  about  with  difficulty.  During  the  first  forty-eight  hours  after 
hatching,  however,  this  yolk  sac  is  rapidly  absorbed  and  the  contour 
of  the  embryo  becomes  smooth. 

This  period  of  absorption  of  the  yolk  sac  and  of  greatly  increased 
activity  coincides  with  the  period  of  rapid  decrease  in  the  resistance 
of  the  embryo  to  lack  of  oxygen.  The  greatly  increased  activity 
•  Loeb  :  Lac.  cit. 
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rapidly  uses  up  the  supply  of  stored  carbohydrate  material,  and  the 
resistance  to  laclc  of  oxygen  is  correspondingly  decreased  until  it 
becomes  no  greater  than  in  the  adult.  The  slow  decrease  in  resist- 
ance to  lack  of  oxygen  which  follows  this  period,  and  which  renders 
the  embryo  less  resistant  than  the  adult,  is  probably  entirely  due  to 
the  unfavorable  conditions  of  aquarium  life  to  which  the  embryos  are 
subjected,  in  which  the  conditions  of  oxygen  supply  are  very  poor 
compared  with  natural  conditions. 

TABLE   VIII. 


Solution  of  sugar  used. 

Ungth  of  life  of 
conlToU  in  ordi- 
narj  lea  water. 

Length  of  life  in 
sugar  solution. 

Increase. 

10  cc  sea  water  +  2  cc  of 

a95  moL  iKvulose  .  .  . 
10  cc  sea  water  -«•  Z  c.c  of 

a95  mol.  glacote  .... 
10  cc.  sea  water  +  2  cc.  of 

0.95  mol.  maltose.  .  .  . 
10  cc.  sea  water  +  2  cc  of 

0.95  moL  cane  sogai .  .  . 
10  cc  «ca  water  +  2  cc.  of 

sal.  sol.  lactose     .... 

55 
1  55 
1  00 
1  OS 

55 

1  55 
3  25 

2  25 
230 

58 

73 
78 
HI 
130 
0 

V.  Effect  of  Carbohydrates  ok  Resistance  to  Lack:  of  Oxvgek 
IN  FuNDULus  Embryos. 

If  the  resistance  to  lack  of  oxygen  of  the  Fundulus-  embryos  is  less 
in  the  later  stages  of  development  than  tn  the  earlier  stages  because 
of  the  loss  of  carbohydrate  material,  their  resistance  ought  to  be  in- 
creased by  supplying  them  with  the  necessary  substances.  Experi- 
ments show  that  this  is  the  case. 

Young  Fundulus  embryos  seven  and  eight  days  old  af^er  hatching 
were  placed  in  sea  water  to  which  a  certain  amount  of  isotonic  C°-9S 
molecular)  solution  of  the  sugar  whose  effect  was  to  be  tested  was 
added.  They  were  left  tn  this  solution  for  several  hours  to  allow  time 
for  the  absorption  of  the  sugar.  The  sugar  could  be  absorbed  either 
directly  through  the  body  wall  or  through  the  alimentary  system  after 
digestive  processes.  For  experimentation  three  embryos  were  placed 
in  an  Englemann  gas  chamber  along  with  three  other  embryos  of  the 
same  age  in  ordinary  sea  water  to  serve  as  controls  and  the  oxygen 
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replaced  by  hydrogen.  The  controls  and  the  embryos  in  the  sugar 
solution  were  placed  in  separate  paraffin  cells  side  by  side,  and  hence 
were  under  the  same  conditions  as  regards  temperature  and  lack  of 
oxygen.  As  the  heart  beat  in  the  embryos  was  plainly  visible,  the 
stoppage  of  the  contractions  was  taken  as  the  death  point.  Table 
VIII  gives  the  length  of  life  in  the  controls  in  ordinary  sea  water  and 
the  length  of  life  in  the  different  sugar  solutions,  together  with  the 
percentage  of  increase  in  each  case. 

The  results  amply  confirm  the  experiments  with  the  injection  of 
these  sugars  given  in  the  first  part  of  this  paper.  Maltose  again  has 
a  greater  effect  than  either  glucose  or  laevulosc.  Cane  sugar  is  evi- 
dently inverted  and  absorbed  through  the  digestive  processes.  Its 
effect  is  nearly  as  great  as  that  of  maltose.  Lactose  probably  cannot 
be  digested  or  absorbed. 

It  is  to  be  noted  in  this  connection  that  glucose  and  laevulose  aris- 
ing from  splitting  processes  in  digestion  are  much  more  effective  in 
their  action  than  the  same  sugars  when  chemically  prepared  outside 
the  body. 

Summary. 

1,  Those  carbohydrates  which  can  be  absorbed  when  injected  peri- 
toneally  into  Fundulus  heteroclitis  (i.  e.,  maltose,  glucose,  and  laevulose) 
greatly  increase  their  resistance  to  lack  of  oxygen.  This  is  due  to  the 
fact  that  simple  sugars  can  act  as  depolarizers  in  the  processes  of 
protoplasmic  respiration,  and  thus  enable  respiration  to  be  carried 
on  to  a  certain  extent  in  the  absence   of  oxygen. 

2.  The  decrease  in  resistance  to  lack  of  oxygen  shown  by  Fundulus 
embryos  in  successive  stages  of  development  is  due  to  the  using  up  of 
material  (probably  of  carbohydrate  nature)  stored  in  the  egg.  When 
embryos  in  later  stages  of  development  are  supplied  with  carbo- 
hydrates which  can  be  digested  and  absorbed,  their  length  of  life  in 
lack  of  oxygen  is  greatly  increased. 

My  thanks  are  due  to  the  Director  and  Assistant  Director  of  the 
Marine  Biological  Laboratory  for  the  privilege  of  occupying  a  research 
room  during  the  past  summer. 

I  wish  also  to  thank  Professor  A.  P.  Mathews  for  kind  assistance 
and  direction. 
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THE  EFFECT  OF    INJURIES   OF    THE    BRAIN    ON    THE 
VASOMOTOR  CENTRE.^ 

By  W.  T.  PORTER  and  T.  A.  STOREY. 
[Frem  Ike  Laieralory  of  Comparaiirt  Phytielagy  in  thi  Harvard  Mtdicai  ScMoel.] 

Introduction. 
'ITT'E  believe  in  common  with  many  physiologists  that  the  indi- 
^^  vidual  n«rve  cell  groups  lying  within  the  cranium  are  peripheral 
with  respect  to  the  bulbar  vasomotor  centre.  To  this  centre  affer- 
ent impulses  flow  constantly  from  other  parts  of  the  brain.  The 
interruption  of  these  impulses  exalts  the  reflex  excitability  of  the 
vasomotor  cells.  Thus  the  rise  in  blood  pressure  on  stimulation  of 
the  central  end  of  the  sciatic  nerve  is  increased  by  severing  the  bulb 
from  the  brain.  A  further  demonstration  of  the  afferent  connection 
between  the  brain  and  the  bulbar  centre  is  seen  in  the  changes  in 
blood  pressure  following  stimulation  of  various  areas  of  the  brain, 
changes  so  marked  that  certain  observers  have  taken  thero  as  evi- 
dence of  additional  vasomotor  centres  anterior  to  the  classical  centre 
in  the  bulb. 

The  normal  afferent  impulses  from  the  brain  to  the  vasomotor 
centre  and  the  impulses  excited  by  electrical  stimulation  as  ordinarily 
employed,  upon  the  cortex,  for  example,  are  obviously  only  of  moderate 
intensity,  yet  they  produce  marked  effects  upon  the  vasomotor  cells. 

Impulses  of  moderate  intensity  arc  the  portion  of  the  fortunate. 
In  cerebral  injury  or  disease,  we  must  believe,  the  cells  whose  function 
it  is  to  safeguard  the  general  blood  pressure  are  beaten  upon  by 
streams  of  afferent  impulses  far  more  powerful  than  the  placid 
currents  of  ordinary  life.  How  do  the  vasomotor  cells  support  these 
sudden  strains  ?  Are  they  overwhelmed  by  a  summation  of  extra- 
ordinary impulses,  or  is  the  margin  of  strength  great  enough  to  meet  an 
emergency  so  rare  that  prevision  would  seem  almost  wasteful?     The 

'  Some  oE  the  experiments  in  this  article  were  reported  to  the  American  Pliysi- 
ological  Society,  December  27,  1904  (This  journal,  1905,  xiii,  pp.  xxii-jixiii). 
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problem  is  of  interest,  because  it  bears  on  the  general  physiology 
of  nerve  cells  and  because  cerebral  injuries  are  frequent;  at  the 
operating  table  life  itself  may  depend  on  the  reactions  of  the  vaso- 
motor centre  to  afTercnt  impulses.  In  the  present  investigation  we 
have  attempted  to  solve  this  problem  by  determining  whether  the 
work  done  upon  the  centre  by  afferent  impulses  of  uniform  strength 
is  lessened  by  coincident  impulses  discharged  from  gross  mechanical 
injuries  of  the  brain. 


Method. 

The  animals  employed  were  rabbits  and  cats.  They  were  invariably 
etherized.  Tracheotomy  was  performed,  and  cannulas  were  placed 
in  the  carotid  artery  and,  when  necessary,  in  the  jugular  vein.  The 
blood  pressure  was  recorded  by  a  simple  form  of  Hiirthle  membrane 
manometer,  which  was  frequently  calibrated  with  a  mercury  column. 
Afferent  impulses  were  obtained  by  the  electrical  stimulation  of  the 
central  end  of  the  depressor,  sciatic,  and  branches  of  the  brachial 
plexus  in  or  near  the  axilla.  For  convenience,  these  branches  will  be 
called  in  the  text  the  brachial  nerve.  Precautions  were  taken  to 
prepare  the  nerves  with  the  least  possible  injury  and  to  protect  them 
against  drying.  The  nerves  were  always  severed  and  the  proximal 
end  lifted  into  air  when  the  electrodes  were  applied.  A  constant 
current  from  a  Daniell  cell  supplied  the  inductorium,  and  the  secon- 
dary coil  was  kept  at  a  uniform  distance  from  the  primary  coil. 

Before  stimulating  the  brachial  or  sciatic  nerves  curare  was  injected. 
This  was  mixed  with  a  considerable  quantity  of  warm  normal  saline 
solution  and  placed  in  a  long  graduated  pipette  emptying  into  the 
rubber  tube  upon  the  venous  cannula.  The  pipette  was  very  slightly 
inclined  and  held  at  this  angle  by  a  clamp.  Thus  the  very  dilute 
solution  of  curare  flowed  very  slowly  into  the  vein.  From  time  to 
time  the  effect  of  the  drug  was  tested  by  stimulating  the  peripheral 
end  of  the  cut  brachial  nerves.  By  these  precautions  it  was  possible 
to  operate  with  the  least  injurious  dose  of  curare.  F.fforts  were  made 
to  have  the  curarization  uniform,  so  that  any  possible  error  from  its 
use  might  be  avoided.  Care  was  also  used  to  equalize  as  far  as 
possible  the  stimulating  action  of  the  ether.  In  most  of  the  experi- 
ments the  injury  to  the  brain,  by  destroying  the  perception  of  pain, 
made  an  anaesthetic  unnecessary  except  in  the  preliminary  operation. 

The  injuries  to  the  brain  were  as  follows: 
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1.  Concussion,  often  with  fracture  and  intracranial  hemorrhage, 
from  blows  on  the  head  of  the  etherized  animal. 

2.  Penetrating  wounds,  produced  by  driving  a  pointed  instrument 
into  the  brain, 

3.  Removal  of  brain  substance. 

4.  Increased  intracranial  pressure. 

The  penetrating  wounds  were  made  by  forcing  through  the  cranial 
wall  a  piece  of  steel  about  three  inches  long,  three-eighths  inch  in 
diameter  at  the  large  end,  and  tapering  almost  to  a  point  at  the  small 
end. 

In  the  experiments  with  increased  intracranial  pressure,  the  skull 
was  trephined  and  a  metal  tube  fastened  water  tight  into  the  opening 
by  means  of  a  screw  ring.  The  tube  bore  on  its  lower  end  a  thin- 
walled  rubber  bag  which  in  the  earlier  experiments  had  a  length  of 
about  3  cm.  and  a  diameter  of  about  2  cm.  In  later  experiments 
these  dimensions  were  reduced  about  one-third.  The  pressure  bag 
was  connected  with  a  pressure  bottle.  As  near  as  possible  to  the 
skull,  a  side  branch  led  to  a  mercury  manometer.  Undoubtedly  the 
pressure  in  this  manometer  was  always  somewhat  higher  than  that 
within  the  cranium,  but  this  dilTerence  was  not  important  to  the 
experiments  in  hand.  In  all  protocols  the  blood  pressure  was 
measured  from  the  atmospheric  pressure  line  to  the  lowest  point  in 
the  blood  pressure  curve.  This  point  can  of  course  be  easily  deter- 
mined, whereas  it  would  be  very  difficult  to  determine  the  mean  or 
systolic  pressure.  Thus  all  readings  are  lower  than  if  the  mean  or  the 
systolic  pressure  had  been  used,  and  this  is  particularly  to  be  noted 
with  regard  to  the  very  numerous  cases  in  which  the  usual  difference 
between  the  systolic  and  the  diastolic  pressure  was  increased  by  a 
lessening  of  arterial  tension  not  compensated  by  an  equivalent  lessen- 
ing in  the  force  or  frequency  of  the  ventricular  stroke. 

It  often  happens  that  afferent  nerves  are  stimulated  when  the  blood 
pressure  is  slowly  but  steadily  falling  or  rising.  Thus  in  record  5, 
Experiment  16,  Table  I,  page  188,  the  carotid  blood  pressure  was  132 
mm.  before,  200  mm.  during,  and  118  mm.  Hg  after  stimulation  of 
the  brachial  plexus  nerve.  Evidently  the  diastolic  line  from  which 
the  rise  upon  stimulation  must  be  measured  was  falling  during  stimu- 
lation. If  reckoned  from  the  higher  end  of  the.  diastolic  line,  the 
reflex  rise  would  be  too  small ;  if  reckoned  from  the  lower  end,  too 
large.  In  this  dilemma  one-half  the  difference  between  the  diastolic 
pressure  at  the  beginning  and  at  the  end  of  stimulation  was  subtracted 
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from  the  beginning  or  over-high  pressure.  In  the  above  instance,  the 
difference  between  132  mm.,  which  is  the  diastolic  pressure  at  ihe 
beginning,  and  118  mm.,  the  diastolic  pressure  at  the  ending  of 
stimulation,  is  14  mm.,  one-half  of  which,  subtracted  from  132,  gives 
125  mm.  as  the  corrected  diastolic  value  from  which  the  rise  in  blood 
pressure  was  calculated.  Such  a  correction  was  made  in  every  case 
where  the  original  difference  exceeded  2  mm.  Hg,  except  where  the 
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Figure  1.  —  Eip«TJm«nt  1,  October  12,  1904.  Two-thirds  Ihe  original  site.  Fall  of  57  per 
cent  in  carotid  blood  preasure  on  slimutation  of  the  cenlral  end  of  the  depressor 
nerve  in  Ihe  rabbit,  twenty-five  minntes  after  the  skull  waA  fractured, 

variation  in  diastolic  pressure  had  some  special  explanation,  for 
example,  a  second  stimulus  before  the  after  effect  of  the  first  stimulus 
had  entirely  disappeared. 

In  the  following  text  typical  protocols  will  set  forth  the  effect 
upon  the  vasomotor  centre  of  each  class  of  injuries  to  the  brain. 


Concussion,  Fracture,  and  Intracranial  Hemorrhage. 

Four  successful  experiments  were  performed  on  rabbits  and  two 
upon  cats. 

Experiment  1,  October  IS,  1904- — An  etherized  rabbit  was  tracheotomized  and 
the  blood  pressure  written  with  a  membrane  manometer.  Stimulation  of 
the  depressor  nerve  caused  the  blood  pressure  to  fall  from  63  to  35  mm. 
Hg  (46  per  cent).  At  3  p.  m.  the  skull  received  a  heavy  blow  in  the 
parietal  region.  The  blood  pressure  fell  to  33  mm.,  but  gradually  rose 
again,  partly  in  consequence  of  the  injection  of  nonnal  saline  solution. 
Artificial  respiration  was  necessary.  On  stimulation  of  the  depressor 
nerve,  at  3.45  p.  h.  the  pressure  fell  from  78  (021  ram.  Hg  (73  pwr  cent). 
At  3.55  p.  M.  depressor  stimulation  caused  a  fall  of  57  per  cent  (Fig.  1). 
The  pressure  now  gradually  fell  from  80  mm.  to  50  mm.,  at  which  level 
depressor  stimulation  caused  a  fall  of  41  per  cent. 

At  the  autopsy  a  venous  clot  was  found  beneath  the  skin,  covering 
about  4  square  centimetres  in  the  parietal  and  occipital  regions.  The 
space  between  tlie  cerebellum  and  the  cerebrum  was  filled  with  a  venous 
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dot,  resting  od  the  corpora  quadrigcinina.     A  fracture,  11  mm.  in  length, 
extended  through  the  parietal  and  occipital  bones. 

In  the  next  two  experiments  the  sciatic  as  well  as  the  depressor 
nerve  was  stimulated. 

Experiment  2,  October  21,  190^.  —  Stimulations  of  the  depressor  nerve  in  an 
etherized  and  sufficiently  curarized  rabbit  caused  an  average  fall  of  59  per 
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FiGUKE  2.— Eiperimeut  2,  Occobet  21,  1904.  Depressor  sllmolalion  In  the  curarized 
rabbit  before  and  after  fracture  with  intracranial  hemorrhage.  Stimulation  before 
fracture  (le[t  curve)  lowered  the  carotid  blood  pressure  49 per  cent;  after  fracture 
(right  curve),  the  fall  waa  69  per  cent.    Time  in  second*, 

cent  in  the  carotid  blood  pressure.  Stimulation  of  the  sciatic  nerve  caused 
a  rise  of  about  40  per  cent,  but  the  readings  were  marred  by  cardiac 
irregularities.  After  a  heavy  blov  on  the  skull,  the  pressure  fell  to  40 
mm.  Hg,  but  soon  rose.  At  the  47  mm.  level,  depressor  stimulation 
caused  a  fall  of  59  per  cent,  at  the  67  mm.  level  69  per  cent  (Fig.  i).  At 
the  74  mm.  level  the  stimulation  of  the  sciatic  nerve  caused  a  fall  of  30 
per  cent,  after  which  the  pressure  rose  steadily,  but  the  operation  was 
interrupted  before  the  rise  was  completed. 
Experiment  S,  October  !B4,  1904-  —  In  an  etherized  and  barely  but  sufficiently 
curarized  rabbit,  depressor  stimulation  lowered  the  carotid  blood  pressure 
from  85.10  52  mm.  Hg  (39  per  cent),  while  stimulation  of  the  sciatic 
caused  the  blood  pressure  to  rise  48  per  cent  A  blow  on  the  skull  caused 
the  blood  pressure  to  fall  from  100  to  30  mm.,  after  which  it  gradually  rose 
to  1 03  ram.  On  depressor  stimulation  it  now  fell  44  per  cent.  Stimula- 
tion of  the  sciatic  nerve  caused  first  a  fall  of  23  per  cent  and  then  a  rise 
of  79  per  cent  above  mean  level,  the  pressure  rising  from  40  ram.  to  98 
mm.  Hg.  Upon  a  third  blow,  the  pressure  fell  to  ao  mm.  Hg,  and  neither 
depressor  nor  sciatic  stimulation  gave  any  noticeable  result. 
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The  fourth  experiment  records  an  injury  to  the  bulb  itself. 

Experimtnl  4,  Odoher  86,  1904- — Repeated  stimulations  of  the  depressor 
nerve  in  an  etherized  rabbit  lowered  the  carotid  blood  pressure  an  average 
of  39  mm.'Hg.  A  blow  on  the  head  caused  a  temporary  fall  from  105  to 
41  mm.  As  the  blood  pressure  rose,  the  depressor  was  stimulated  three 
times,  the  average  fall  being  35  per  cent.  A  second  blow  caused  hemor- 
rhage into  the  medulla,  probably  directly  injuring  the  vasomotor  apparatus. 
The  pressure  fell  to  35  mm.,  but  stiniuiation  of  the  depressor  caused, 
nevertheless,  a  fall  of  24  per  cent 

One  of  the  cases  of  fracture  in  the  cat  was  as  follows : 
Experimait  21,  March  Si,  1905.^T\\e  stimulation  of  the  brachial  and  sciatic 
nerves  in  an  etherized  cat,  sufficiently  curarized  to  paralyze  the  motor 
nerves,  caused  an  average  rise  of  ij  per  cent  in  the  carotid  blood  pressure. 
After  a  heavy  blow  on  the  skull,  the  blood  pressure  fell  from  140  to  35 
mm.  Hg.  At  this  level  the  stimulation  of  the  brachial  and  sciatic  nerves 
had  little  effect,  the  pressure  rise  being  only  3  mm.  Hg.  After  an  hour 
the  carotid  pressure  rose  spontaneously  to  90  mm.,  and  then  to  130 
mm.;  at  these  levels,  three  stimulations  caused  an  average  rise  of  30  per 
cent.  The  autopsy  showed  fracture  in  the  left  frontal  region,  extending  to 
the  base  of  the  skull,  and  hemorrhage  beneath  the  seat  of  fracture. 


Penetrating  Wounds  of  the  Brain;   Fractijre. 
In  two  etherized  cats  a  piece  of   steel   was  forced   through   the 
cranial  walls  into  the  brain.     One  protocol  will  suffice, 
Experiment  £3,  March  31,  1906.  —  In  an  etherized  and  sufficiently  curarized 
cat  the  stimulation  of  the  sciatic  nerve  caused  the  carotid  blood  pressure 
to  rise  3  1  per  cent,  and  brachial  stimulation  caused  a  rise  of  \6  per  cent. 
At  4  p.  M.  a  pointed  instrument  was  driven  against  the  left  frontal  bone, 
and  then  against  the  right  frontal   bone,  behind  the  zygoma.     Tliese 
wounds  did  not  penetrate  the  skull,  but  the  heart  stopped  beating  for 
several  seconds.     Alternate  sciatic  and  brachial  stimulation  gave  with  the 
sciatic  a  rise  of  32,  33,  36,  and  36  per  cent,  respectively,  and  with  the 
brachial  42,  40,  and  39  per  cent. 

.At  4.25  p.  M.  the  pointed  instrument  was  driven  through  the  right 
parietal  bone,  penetrating  the  skull  to  a  distance  of  5  cm.  For  a  few 
seconds  ihe  heart  stopped  beating.  Cerebral  tissue  escaped  from  the 
wound.  Sciatic  stimulation  now  caused  a  rise  of  5a,  48,  and  50  per  cent ; 
brachial  stimulation  caused  a  rise  of  61  per  cent. 

At  4.50  p.  M.  the  same  instrument  was  driven  through  the  external 
auditory  canal  and  the  temporal  bone  into  the  base  of  the  skull.     Blood 
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escaped  through  the  ear.  The  heart  again  stopped  beating  during  a  few 
seconds.  Sciatic  stimulation  caused  a  rise  of  66  per  cent,  and  brachial 
stimulation  a  rise  of  52  per  cent  (Fig.  3). 

The  blood  pressure  at  the  beginning  of  the  experiment  averaged  101 
mm.  Hg.     At  the  end  it  averaged  97  mm. 

The  autopsy  showed  that  the  second  wound  (the  first  penetrating 
wound)  caused  a  deep  laceration  of  the  brain  substance.  The  third 
wound  was  a  fracture  of  the  base  wjiliout  laceration  of  the  brain. 


FIOURB  3.  — Experiment  22,  March  31,  19D5.  Carotid  blood  pressure  in  (he  cat  upon 
brachial  stimulation  before  and  after  a  penetrating  wound  of  the  brain,  with  fracture 
of  the  base  and  intracranial  beniorrhaee.  Before  the  injury  brachial  stimulalion 
raised  the  blood  pressure  l6  per  cent ;  after  the  injury,  52  per  cent. 

Rehoval  of  Brain  Substance. 

The  injury  in  the  following  experiment  is  in  effect  a  lacerated 
wound  oE  the  cerebral  hemispheres,  though  produced  through  a 
trephine  hole  instead  of  by  a  penetrating  blow.  The  protocol  is 
given  verbatim. 

Experiment  16,  March  S9, 1905. —  At  3  P.  M.  a  cat  was  etherized  and  cannulas 
placed  in  the  trachea,  the  carotid  artery,  and  the  jugular  vein.  The  right 
sciatic  and  left  brachial  nerves  were  exposed  and  severed.  The  secondary 
coil  of  the  inductorium  was  placed  at  S  cm. 

4  p.  M.  25  c.c.  very  dilute  solution  of  curare  in  warm  normal  saline 
solution  were  allowed  to  flow  very  slowly  into  the  jugular  vein.  Artificial 
respiration. 

4.30  p.  M.     as  c.c.  more  of  the  curare  solution  very  slowly  injected. 

4.50  p.  M.  Afler  four  stimulations,  in  order  to  make  sure  that  the  nerves 
were  in  good  condition,  the  apparatus  satisfactory,  and  the  curare  effective, 
the  records  in  Table  I  were  made. 
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5.00  p.  M.  The  skull  was  trephined,  a  small  scoop  introduced,  and  the 
cerebral  lobes  were  extensively  lacerated,  considerable  tissue  being  removed 
outright.    There  vas  some  hemorrhage.    The  operation  was  finished  at 


Hour. 

Record 
number. 

Nerve 
■timulaled 

Carotid  Blood  Pressure. 

Increase. 

Before 

During 

stimulation. 

Afler 
stimulation. 

5.00 

5 
6 
7 

Brachial 

Sciatic 
Brachial 

132 (125) 

121 

124  (123) 

>>.H(. 

200 
170 
190 

H-X. 

US 
122 
121 

60 

40 
S4 

5.15.  The  blood  pressure  fell  to  do  mm.,  i.  e.,  50  per  cent.  The  records 
in  Table  II.  were  now  taken.  At  5.37  p.  M.,  35  c.c.  curare  solution  were 
slowly  injected  through  the  jugular  vein. 


Carotid  Blood  Pressum. 

Rectal 

Hour. 

Record 
number. 

Nerve 
stimulated. 

Rise. 

Before 

During 
stimaUtion. 

After 

5.20 

II 

Sciatic 
BnchUI 

62(64) 
6S(61) 

92 
lOS 

66 

58 

77  [ 

aso" 

5J5 

1!? 

Sdattc 
Brachial 

S9 
61(57) 

95 
US 

58 

52 

61 
100 

5.45 

(12 
113 

Sciatic 

Brachial 

60 
71(65) 

92 
120 

62 
58 

531 
85( 

34.5» 

5.50 

114 
{15 

Sciatic 
Brachial 

67(66) 
80(73) 

121 
132 

65 
65 

831 
81  { 

34.b» 

Autopsy.  — The  hemispheres  were  thoroughly  destroyed  for  a  distance  of 
3  cm.  from  their  anterior  margins.  Much  brain  tissue  had  been  removed. 
In  several  places  there  were  other  deeper  lacerations,  the  small  scoop 
having  entered  the  ventricles  and  gone  as  far  as  the  base  of  the  skull. 


In  the  two  following  experiments  the  cerebral  hemispheres  of  i 
rabbit  and  a  cat  were  completely  removed. 
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Experiment  8,  November  15, 1904-  —  An  etherized  rabbit  was  tracheotomized 
and  the  carotid  artery  connected  with  a  membrane  manometer.  The 
blood  pressure  was  about  60  mm.  Hg.  Six  stimulations  of  the  depressor 
nerve  caused  an  average  fall  of  34  per  cent. 

5.30  p.  M.    The  cerebral  hemispheres  were  completely  removed.     Rectal 
temperature,  38°  C.    The  blood  pressure  fell  to  about  50  mm.,  but  in  half 

TABLE   III. 


Hour. 

Record 

Cakotid  Blood  Pressure. 

FaU. 

Rect.1 
tempera- 
ture. 

Before 

slimulition. 

After 

Mimulation. 

7.30 

7.45 
8.00 
8.10 
8.20 
10.00 
1030 

ii.ra 
11.00 
11.00 

26 

27 

28  • 

29 

30 

31 

32 

33 

34 

35 

36 

67 
67 

72 

67 

67 

65 

67 

60 

61(64) 

67(64) 

60(63) 

22 
41 
24 
35 
30 
27 
40 
47 
40 
32 

-■■■.ai. 
65 

65 

72 
65 
69 
65 
67 
62 
67 
60 
67 

69 
67 
43 
64 
48 
54 
60 
33 
27 
38 
49 

34*" 
34.4'=' 
34.0» 
33.8" 
33.20 
33.0= 
31.5» 
30.7» 
303" 
30.3» 
303° 

an  hour  had  risen  to  about  65  mm.    Between  5.30  and  6.15  the  depressor 
was  stimulated  nineteen  times,  with  an  average  fall  of  57  per  cent.     The 
subsequent  record  is  shown  in  Table  III. 
Figure  4  shows  the  response  to  depressor  stimulation  at  intervals  throughout 
the  experiment. 

Experiment  18,  March  IS,  1905.  —  An  etheriz&d  cat  was  tracheotomized  and 
cannulas  were  inserted  in  the  jugular  vein  and  carotid  artery.  The  right 
sciatic  and  left  brachial  nerves  were  exposed  and  severed. 

4.15  p.  M.     25  c.c  dilute  curare  solution  were  allowed  to  flow  very 
slowly  into  the  jugular  vein. 

4.30  p.  M.     Stimulation  of  the  peripheral  end  of  the  brachial  nerve 
indicated  that  the  motor  nerves  were  not  completely  paralyzed  by  the 
curare.     7  c.c,  more  were  given. 
Between  4.32  and  4.45  p.  m.  the  following  increases  in  carotid  pressure 
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Figure  4.  —  Experiment  8,  November  IS, 
19(K-  Ca.rod(l  blood  pressure  upoD  de- 
pretsoT  ttimulation  in  the  rabbit,  before 
removal  of  the  cerebri]  hemispheres,  and 
one,  four,  and  five  and  a  half  hours  after 
removar.  The  blood  pressure  fell  34, 6> 
60,  and  49  per  cent,  respectively.  The 
rectal  temperature  gradually  sa^k  from 
38"  to  30.30  c. 


were  obtained :  sciatic,  37  ;  bra- 
chial, 29 ;  sciatic,  19 ;  brachial, 
33  per  cent. 

4.45  to  5.00  p,  H.  The  cere- 
bral hemispheres  were  removed. 

5.05  P.  M.  TTjc  blood  pressure 
has  fallen  from  159  to  53  mm. 
Hg.  Stimulation  of  the  sciatic 
nerve  seeming  to  cause  a  reflex 
twitch,  25  cc.  curare  solution 
were  injected. 

Between  5.10  and  6.30  p.m. 
the  brachial  was  stimulated  ten 
times,  with  an  average  rise  of  59 
per  cent,  and  the  sciatic  nine 
times,  with  an  average  rise  of  47 
per  cent  (Fig.  5). 

Autopsy.  —  The  cerebral  fos- 
sae were  found  io  be  emptied  of 
their  normal  contents.  A  few 
lacerated  remnants  of  brain  tissue 
were  seen  on  the  floor  of  the 
cavity.  Blood  dots  filled  the 
spaces  not  occupied  by  the  cot- 
ton which  had  been  plumed  into 
the  opening  in  the  skull  to  stay 
the  hemorrhage  caused  by  the 
removal  of  the  cerebnd  hemi- 
spheres. 


The  cerebral  hemispheres  were 
emoved  in  two  other  rabbits 
(Experiments  5  and  7)  and  in 
e  cat  (Experiment  17).  In  one 
of  the  rabbits  part  of  the  cere- 
bellum was  also  removed.  The 
results  in  each  case  were  unmistakable.  The  percentage  fall  of  blood 
pressure  upon  stimulation  of  the  depressor  nerve  and  the  percentage 
rise  upon  stimulation  of  the  sciatic  or  a  brachial  nerve  averaged 
greater  after  the  cerebral  injury  than  before.  The  comparisons  in 
Table  IV  are  instructive. 

In  each  of  the  not  exceptional  cases  in  Table  IV  the  absolute  as 
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well  as  the  percentage  fall  in  blood  pressure  upon  depressor  stimu- 
latitm  was  at  least  as  great  after. the  removal  of  the  cerebral  hemi- 
spheres as  in  the  normal  state. 


Carotid  Bi.o 

OD  Pressure. 

Fall  in  hlood 

iiperi- 

Animal. 

pressure  upon 
depreuor 

Nature  of  injury. 

Upon  depreasoi 

injuiy. 

injury. 

Before 

After 

Before 

After 

injury. 

injury. 

injury. 

injury. 

5 

Rabbit 

70 

53 

32 

22 

54 

the  akull.  followed 

48 

4S 

3S 

33 

27 

27 

by  removal  of  the 
cerebral     hemi- 

62 

65 

41 

32 

34 

51 

■  pheres.  Wood 
pressure  fell  at 
once  to  25  mm. 
He,  necessilaling 
injection  of  warm 
Ringer's  lolution. 

7 

RabtMt 

75 

75 

52 

52 

31 

31 

Removal  of  cere- 
brum and  part  of 
cerebellnm.  Blood 
pressure  felt  to 
27  mm.  Restored 
by  injection  of 
Rmger^s  solution. 

Increased  Intracranial  Pressure. 

The  effect  on  the  irritability  of  the  vasomotor  centre  of  increasing 
the  intracranial  pressure  was  studied  in  four  rabbits  and  two  cats. 
As  the  bulbar  centres  lie  within  the  cranium  and  are  therefore  directly 
exposed  to  alterations  in  the  intracranial  pressure,  the  vasomotor 
apparatus  must  have  suffered,  together  with  the  remainder  of  the 
brain,  from  the  pressures  employed.  This  difficulty  would  diminish  or 
explain  away  a  negative  result,  t.  e.,  a  failure  to  change  the  blood 
pressure  by  the  stimulation  of  afferent  nerves,  but  it  would  increase 
the  importance  of  a  positive  result,  obtained  necessarily  from  a  centre 
iirorking  under  conditions  obviously  unfavorable. 

The  following  protocol  illustrates  the  observations  upon  the  rabbit. 

Mxperiment  9,  November  SI,  1904  ■  —  An  anaesthetized  rabbit  was  tracheoto- 

mized  and  the  carotid  artery  connected  with  a  membrane  manometer. 

The  central  end  of  the  depressor  nerve  was  now  stimulated  four  times, 
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lowering  the  blood  pressure  23, 1 9, 24,  and  34  per  cent,  respectively.  The 
pressure  bag  was  now  placed  in  the  cranium,  through  a  trephine  hole,  and 
the  intracranial  pressure  raised  until  the  pressure-bottle  manometer  marked 
95  mm.  Hg.  The  carotid  blood  pressure  rose  from  67  to  87  mm.  Hg. 
On  stimulating  the  depressor  nerve  the  blood  pressure  fell  go  per  cent. 


Figure  5.  —  Experiment  18,  March  13,  190S,  Carotid  blood  pressure  upon  stimulation 
of  tbe  sciatic  and  brachial  nerves  before  and  after  the  removal  of  ihc  cerebral  bemi- 
sphere*  in  a  curarized  cat.  In  the  upper  tnu:ing  the  rise  upon  stimulation  of  the 
sciatic  (left  black  band)  is  from  159  to  212  mm.  Hg  (29  per  cent),  and  the  rise  upon 
brachial  Blimulation  (right  band)  ia  33  per  cent.  In  the  lower  tracing,  taken  after  the 
removal  of  the  cerebral  hemispheres,  sciatic  stimulation  (left  band)  raised  the  blood 
pressure  from  S5  to  150  mm.  Hg  (76  per  cent),  and  brachial  stimulation  raised  the 
blood  pressure  87  per  cent.  The  membrane  manometer  was  more  "  damped  "  in  the 
lower  than  in  the  upper  curve. 

The  intracranial  pressure  was  reduced  until  the  pressure-bottle  manometer 
stood  at  zero,  and  after  an  interval  was  increased  until  this  manometer 
marked  iig  mm.  Hg.  The  carotid  pressure  rose  to  95  mm.  Hg.  Depres- 
sor stimulation  caused  a  fall  of  32  per  cent.  As  the  stimulation  ended, 
stertorous  breathing  began  and  was  soon  very  marked.  This  labored 
breathing  immediately  ceased  when  the  intracranial  pressure  was  lowered 
to  zero  of  the  manometer  scale,  but  the  blood  pressure  remained  at  100 
mm.  Hg.  A  third  stimulation  caused  a  fall  of  z8  per  cent.  The  intra- 
cranial pressure  was  now  increased  until  the  pressure-bottle  manometer 
read  85  mm.  The  blood  pressure  rose  to  120mm.  Depressor stimutatioti 
reduced  the  blood  pressure  z8  per  cent.  Labored,  stertorous  breathing 
was  again  very  marked,  showing  plainly  on  the  blood-pressure  curve 
(Fig.  6).     The  details  of  these  stimulations  are  given  in  Table  V. 
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Antopay. — On  removing  the  pressure  apparatus  it  was  noted  that  the  pressure 
hag  had  formed  in  the  cerebrum  a  cavity  about  2.5  mm.  deep,  partly  filled 
with  clotted  blood  and  senim. 


tntracrania] 
presaure- 
bottle 

Carotid  Blood  PkEssuKE. 

Fall. 

Remarlu. 

Before  stima- 

Uliun  of 

Dorinj! 

stimuUlion 
ofdeprewor. 

After 

stimulation 
of  depressor. 

0 
0 

fo 

0 

95 

115 

0 

85 

S3  (52) 
53  (52) 
57  (59) 
68(63) 
87  (84)  • 
95(91) 

100 

130  (109)  t 

40 
42 
45 
48 
42 
62 
72 
78 

"■■■ 

50 
62 
58 
80 
87 
9S 
98 

-r 

19 
24 
24 

50      1 
32      1 

28      J 

Before  rise  in  in- 
tracranial prcMure. 

After  rise  in  in- 
tracranial pressure 

•  Before  the  increue  in  intracranial  pressure  the  blood  preisure  wu  67  mm.  Hg. 
t  Before  the  increaae  in  intracranial  preMure  ihe  Wood  prewure  «u  98  mm.  Hg. 

Experiments  19  and  20  were  performed  on  cats.  Experiment  19  is 
sufficiently  illustrated  by  Fig.  7.  The  protocol  of  Experiment  20  is 
as  follows: 

Experiment  ^0,  March  2S,  1906.  —  An  etherized  cat  was  tracheotomized, 
cannulas  placed  in  the  carotid  artery  and  jugular  vein,  and  the  sciatic  and 
brachial  (median  and  ulnar)  nerves  exposed  and  severed.  The  pressure 
apparatus,  provided  with  a  bag  a  cm.  in  length  and  ij  cm.  in  diameter, 
was  fixed  in  a  trephine  hole,  the  dura  mater  having  been  ruptured  with 
scissors.  At  3.40  p.  m.  25  c.c.  dilute  curare  solution  were  very  slowly 
injected  into  the  jugular  vein  and  artificial  respiration  begun.  At  3.50 
p.  u.  the  sciatic  nerve  was  stimulated,  causing  the  carotid  pressure  to  rise 
31  per  cent.  The  intracranial  pressure  was  now  increased  until  the  intra- 
cranial pressure-bottle  manometer  had  risen  from  o  to  120  mm.  Hg.  The 
blood  pressure  was  increased  thereby  ftom  12a  to  14.0  mm.  Hg-  On 
stimulation  of  the  sciatic  nerve,  the  bIoo<l  pressure  now  rose  30  per  cent. 
Further  observations  are  made,  but  they  are  discarded  because  increas- 
ing the  reading  of  the  intracranial  pressure-bottle  manometer  produced  a 
suspiciously  small  increase  in  the  blood  pressure. 
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Discussion. 

As  stated  in  the  Introduction  to  this  paper,  the  immediate  problem 

in    the  present  investigation  was   whether  the  work  done  upon  the 

vasomotor  centre  by  afferent  impulses  of  uniform  strength  is  lessened 


FtcuRK  6.  —  Experiment  9,  November  21,  19(H.    Carotid  blood  pressure  tn  the  nhHx, 

npon  stimulation  of  Ihe  depressor  nerve  (1)  with  the  intracranial  pressure  about 
normal,  and  (2)  with  the  intracranial  pressure  raised  until  the  pressure-bottle  ma- 
nometer records  85  mm.  Hg.  In  curve  1  (left),  without  increase  of  intracranial  pres- 
snre,  the  blood  pressure  was  68  mm.  Depressor  stimulation  lowered  it  24  per  cent. 
In  curve  2,  with  increased  intracranial  pressure,  the  blood  pressure  was  120  mm.,  and 
depressor  stimulation  lowered  it  26  per  cent.  At  this  moment  stertorous  breathing 
set  in,  well  shown  in  the  tracing.  The  breathing  became  normal  on  reducing  the 
intracranial  pressure  Co  its  usual  level. 

by  coincident  impulses  discharged  from  gross  mechanical  injuries  of 
the  brain.  Before  discussing  this  problem  it  will  be  profitable  to 
consider  a  phenomenon  which  appeared  as  soon  as  the  experiments 
began  ;  namely,  the  sudden  and  great  fall  of  blood  pressure  occasioned 
by  blows  on  the  skull.  Table  VI  records  five  such  injuries,  the 
average  reduction  in  blood  pressure  being  6i  per  cent.^ 

This  remarkable  descent  of  the  blood  pressure  is  not  to  be  as- 
cribed to  the  heart.  Arrest  of  the  heart  was  indeed  observed  to  take 
place  in  Experiment  22,  described  in  the  section  on  penetrating  wounds 
(page  r86),  but  this  arrest  is  very  brief,  and  would  not  account  for  a 
change  prolonged  through  many  minutes.  The  cause  of  the  latter 
must  be  sought  in  the  bulbar  vasomotor  cells.    On  examining  Table  VI 

'  It  must  be  remembered  that  some  time  necessarily  elapses  betneen  the  blow 
and  the  record  of  blood  presstire.  During  this  interval  the  pressure  was  probably 
lower  than  that  recorded  in  Experiment  2,  Table  VI. 
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itwi]l  be  Men  that  in  Experiment  3,  a  and  b,  upon  a  rabbit,  and  in 
Experiment  21,  upon  a  cat,  the  blood  pressure  fell  each  time  about  70 


FICUW  7.  — EipOTinenl  19,  March  22, 1905.  At  Ihe  left  of  the  tracing,  the  carotid  blood 
preuure  in  the  curarized  cat  atands  >1  70  mm.  Hg.  Upon  railing  the  iniracranial 
pressure,  the  blood  pres«iire  liset  to  105  mm.  On  ttimuktion  of  the  central  end  of 
the  sciatic  nerve  (firtt  black  band)  the  blood  pressure  rises  33  per  cent  On  Kimula- 
tion  of  one  of  the  brachial  nerves  (second  black  iMnd)  the  blood  pressure  rises  24  per 
cent  The  intracranial  picssure  was  now  reduced  to  its  level  befoie  stimulation, 
whereupon  the  Mood  pressure  fell  to  60  mm.  Previous  to  these  obcervatlont,  while 
the  pressure  bag  was  in  place,  but  the  intracranial  pressure  not  increased,  the  stimala- 
tion  of  the  sdatic  nerve  increased  the  blood  pressure  Z7  per  cent. 

per  cent.  In  Experiments  i  and  2  the  record  was  less,  probably  be- 
cause the  interval  between  the  blow  and  the  record  was  longer,  thus 
allowing  a  greater  rise  towards  the  normal.    In  the  five  observations, 


TABLE  VI. 


Experiment 

Animal. 

Carotid  blood 
pressure  falls 

Absolute  fall. 

Percentage 

1 
2 

3a 
3b 

RabUt 
Rabbit 
Rabbit 
Rabbit 
Cat 

from   60to33 
"      90  to  45 
"    100  to  30 
"      60  to  30 
"    140to3S 

".Ms, 

27 
45 
70 
W 

105 

50 
70 
67 
75 

the  level  reached  by  the  descending  pressure  averaged  33  mm.  Hg. 
This  is  about  the  level  to  which  the  blood  pressure  sinks  on  section 
of  the  vasoconstrictor  fibres  in  the  spinal  cord,  as  the  following  ex- 
periments show: 
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Mxperimmt  January  S8,  IWt.  —  The  crural  blood  pressure  in  an  etherized 
cat  was  recorded  with  a  mercury  tnatiomcter.  On  section  of  the  spiHal 
cord  at  the  seventh  cervical  vertebra  the  blood  pressure  fell  from  120  to 
3a  mm.  Hg  (73  per  cent). 

Experimmt  January  89, 1907. — The  cmral  blood  pressure  in  an  etherized 
cat  was  recorded  with  a  mercury  manometer.  On  section  of  the  spinal 
cord  at  the  junction  of  the  sixth  and  seventh  cervical  vertebrse,  the  blood 
pressure  fell  from  86  to  38  mm.  Hg  (67  per  cent).  The  distal  segment 
of  the  spinal  cord  was  then  destroyed  by  passing  a  large  iron  wire  down 
the  vertebral  canal  The  blood  pressure  rose  temporarily,  but  soon  sank 
to  its  former  level.  As  it  is  difficult  to  be  certain  that  the  cord  has  been 
destroyed  by  pithing,  the  vertebral  arches  were  now  cut  through  and  the 
fragments  of  the  cord  from  the  sixth  cervical  to  the  second  lumbar  verte- 
brEe  removed.     The  blood  pressure  still  remained  at  2%  mm. 

It  seems  probable,  therefore,  that  the  concussion  produced  by  the 
blow  on  the  skull  threw  out  of  function  for  a  time  the  bulbar  vaso- 
tnotor  centre,  producing  an  effect  equal  in  degree  to  the  severing  of 
the  vasoconstrictor  paths  in  the  cord. 

Unquestionably  this  condition  is  dangerous,  though  in  most  of  our 
experiments  the  blood  pressure  returned  shortly  to  its  former  level. 
Recent  observations'  have  shown  that  if  the  blood  pressure  be  low- 
ered continuously,  either  by  external  hemorrhage  or  by  filling  the 
portal  system  and  other  large  veins  out  of  the  arteries,  a  critical  zone 
will  be  reached  below  which  the  usual  afferent  impulses  cease  to 
call  forth  a  reflex  from  the  vasomotor  centre.  The  refusal  of  the 
vasomotor  centre  in  these  cases  of  hemorrhage  or  venous  conges- 
tion is  due  to  anxmia  of  the  bulb,  and  the  observations  appear  to 
indicate  that  the  condition  is  usually  self-perpetuating  rather  than 
self-correcting.  In  the  present  experiments  the  blood  pressure  was 
reduced  almost  or  qufte  to  this  critical  zone  Thus,  in  Experiment  3, 
October  24,  1904,  described  on  page  185,  a  third  blow  on  the  head 
of  a  rabbit  caused  the  blood  pressure  to  fall  from  about  58  to  20  mm. 
Mg,  at  which  level  neither  depressor  nor  sciatic  stimulation  had  any 
effect.  In  Experiment  4,  October  26,  1904,  a  blow  on  the  head  re- 
duced the  blood  pressure  to  35  mm.,  but  depressor  stimulation  still 
caused  a  fall  of  24  per  cent.  It  is  probable  that  in  such  Injuries  tbe 
critical  zone  is  not  seldom  passed,  and  that  death  then  takes  place 

•  Presented  by  Dr.  Porter  at  the  meeting  of  the  American  Physiological 
Society,  December  39,  ictotj. 
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unless  the  bulbar  cells  are  promptly  supplied  with  an  oxygenated  and 
sufficiently  isotonic  liquid. 

The  chances  of  reaction  before  the  critical  zone  is  reached  are 
apparently  greater  where  the  fall  in  blood  pressure  is  due  to  a  passing 
cause,  such  as  the  concussion  from  a  blow  on  the  skull,  than  where 
the  fall  is  due  to  a  continued  stream  of  afferent  impulses  from  some 
injured  peripheral  field.  Moreover,  the  continued  local  dilatation  of 
the  blood  vessels  often  present  in  such  injured  peripheral  fields  would 
hydraulically  hinder  reaction,  by  maintaining  the  bulbar  ancemia, 
especially  where  the  vascular  area  was  large,  as  in  injuries  involving 
the  splanchnic  vasoconstrictor  fibres.  Thus  the  recovery  of  vascular 
tone  in  concussion  of  the  brain  should  in  the  main  be  more  easily 
secured  than  in  prolonged  injuries  to  large  vascular  areas,  or  in  cases 
in  which  a  persistent  stream  of  afferent  impulses  enters  an  abnormally 
irritable  centre. 

It  must  not  be  supposed  that  the  immediate  fall  of  blood  pressure 
following  a  blow  on  the  skull  is  due  to  inhibition,  provided  this  much 
abused  word  be  understood  as  the  arrest  or  depression  of  function  by 
means  of  nerve  impulses.  Injuries  culminating  in  the  gross  removal 
of  the  brain  anterior  to  the  bulb  did  not  materially  lessen  the  reflex 
power  of  the  bulbar  vasomotor  cells.  Indeed,  such  injuries  usually 
increased  this  reflex  power.  Similar  observations  have  been  made  in 
the  case  of  the  respiratory  centre.  Extensive  injuries  very  near  the 
respiratory  cells  may  not  stop  the  respiration,  although  these  injuries 
probably  pour  into  the  respiratory  cells  many  strong  afferent  impulses. 
The  immediate  fall  in  blood  pressure  following  a  blow  on  the  skull  is 
probably  to  be  explained  by  the  excessive  mechanical  vibration  of  the 
vasomotor  cells.  The  vasomotor  apparatus  may  be  compared  to  a 
sensitive  short-arm  balance,  oscillating  slightly  about  a  position  of 
equilibrium  and  quickly  responding  to  variations  on  either  its  afferent 
or  efferent  side.  Mechanisms  thus  highly  tuned  are  easily  disturbed 
by  mechanical  shocks. 

We  are  now  in  a  position  to  answer  the  problem  with  which  this 
investigation  began.  The  work  done  upon  the  normal  vasomotor 
centre  by  afferent  impulses  of  uniform  strength  is  not  lessened  by 
coincident  impulses  discharged  from  gross  mechanical  injuries  of  the 
brain.  The  measurements  of  the  reflexes  in  cases  of  concussion  with 
fracture  and  intracranial  hemorrhage,  in  penetrating  wounds,  in  the 
removal  of  brain  substance,  and  in  augmented  intracranial  pressure, 
permit  no  other  conclusion. 
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In  many  of  the  injuries  to  the  brain  the  reflex  power  of  the  vaso- 
motor centre  was  not  merely  preserved,  but  noticeably  increased. 
This  increase  we  must  now  consider. 

Since  the  investigation  here  presented  was  begun,  repeated  efforts 
have  been  made  in  this  laboratory  to  obtain  a  significant,  enduring 
fall  of  blood  pressure  by  the  stimulation  of  afferent  nerves  in  normal 
animals,  but  wholly  without  success.  The  stimulating  procedure 
may  indeed  cause  the  local  dilatation  of  a  great  vascular  area,  thus 
hydraulically  lowering  the  blood  pressure,  as  when  the  intestines  are 
roughly  handled ;  but  such  experiments  are  of  course  useless  as  evi- 
dence of  the  depressing  effect  of  afferent  impulses  upon  the  vaso- 
motor centre.  Excluding  these  errors  of  method,  in  which  a  local 
mechanical  effect  prevents  all  access  to  the  problem  in  hand,  there 
is  as  yet  no  evidence  that  the  stimulation  of  afferent  nerves  in  the 
normal  animal  will  cause  a  prolonged  reduction  of  blood  pressure. 

The  results  are  very  different  in  animals  in  which  the  irritability  of 
the  vasomotor  apparatus  has  been  increased  by  the  removal  of  checks 
long  endured,  as  when  the  pons  is  cut  across  to  sever  the  bulb  from 
the  remainder  of  the  brain.  The  increase  in  the  vasomotor  reflexes 
after  this  operation,  the  experiments  of  Langendorff,  Wertheimer, 
Marckwald,  Porter,  and  others  upon  the  respiratory  reflexes  after  the 
separation  of  the  bulb  from  the  brain  and  from  the  spinal  cord,  the 
experiments  of  Goltz  and  Ewald  upon  dogs  with  parts  of  the  spinal 
cord  separated  from  the  brain,  and  other  well-known  observations, 
show  that  an  increase  of  irritability  in  bulbar  and  spinal  mechanisms 
after  their  separation  from  the  brain  is  a  general  phenomenon.  The 
loss  of  some  of  the  accustomed  afferent  impulses  disturbs  the  poise  of 
these  bulbar  and  spinal  mechanisms.  In  their  altered  state  afferent 
impulses  ordinarily  of  but  little  power  may  occasion  extraordinary 
reflexes.  These  disproportionate  discharges  are  often  harmless 
enough,  as  in  the  prolonged  scratch  reflex  witnessed  by  Goltz  and 
Ewald  in  their  dog  with  "  shortened  "  spinal  cord ;  but  if  the  reflex 
centre,  the  irritability  of  which  is  thus  augmented,  is  charged  with  a 
duty  like  the  maintenance  of  the  blood  pressure,  grave  consequences 
may  result.  Separation  from  the  brain  undoubtedly  explains  the 
increased  reflexes  in  some  of  the  present  experiments, 

Another  explanation  must,  however,  be  sought  for  the  rise  of  reflex 
power  in  the  cases  of  fracture,  intracranial  hemorrhage,  penetrating 
wounds,  and  augmented  intracranial  pressure,  which  form  a  large 
proportion  of  our   experiments.    That  the  irritability  of  the  vaso- 
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motor  centre  was  increased  in  these  experiments  is  certain ;  that  the 
brain  substance  was  not  anatomically  removed  is  also  certain  ;  that 
the  cerebral  hemispheres  were  not  functionally  removed,  for  example, 
by  an  increase  of  intracranial  pressure,  seems  probable.  There  remain 
two  possible  explanations.  Either  the  increased  reflex  was  due  to 
an  increased  irritability  from  some  chemical  stimulus,  or  it  was  due 
to  the  combined  operation  of  concurrent  impulses,  which  increased 
the  irritability  of  the  centre  to  a  point  at  which  the  moderate  stimu- 
lation of  the  ordinary  afferent  nerves  provolced  the  irritated  centre  to 
powerful  discharges,  capable  of  greatly  changing  the  blood  pressure. 
In  the  present  instance,  the  chemical  hypothesis  has  little  in  its  favor, 
and  we  must  conclude  that  our  results  in  these  injuries  in  which  the 
bulb  was  not  separated  from  the  brain  are  best  explained  by  an  increase 
in  the  irritability  of  the  vasomotor  centre  due  to  concurrent  stimuli. 
It  is  hoped  that  experiments  now  making  will  bring  further  evidence 
of  such  double  stimulations. 

Meanwhile,  it  seems  clear  that  the  dangers  to  be  apprehended  from 
the  vasomotor  centre  in  cerebral  injuries  are,  first,  the  profound  fall  in 
blood  pressure  caused  by  the  concussion,  and,  second,  an  increased 
irritability  through  which  very  ordinary  afferent  impulses  might  cause 
violent  changes  in  the  blood  pressure.  The  vasomotor  cells  are  not 
exhausted.  They  support  these  rare  emergencies  with  extraordinary 
success.  Measured  by  the  present  investigation,  the  first,  so  far  as 
we  are  aware,  that  has  approached  this  question  quantitatively,  their 
power  continues  substantially  unimpaired  so  long  as  they  are  fed. 


Digitized  by  G0tf)gIC 


Digitized  b,  Google 


Digitized  b,  Google 


db,  Google  J 

] 


THE  AMERICAN 

Journal  of  Physiology 

EDITCD   FOR 

C^e  amencan  ^^ijsuilogtcal  ^ocietr 


H.  P.  BOWDITCH,  MJ)^  BoSTon  FREDERIC  S.  UE,  PnD.,  New  York 

R.  H.  CHITTENOEN,  Pa.D^  New  Hiteh  W.  P.  LOMBARD,  M.D.,  Ann  Arbor 

W.  H.  HOWELL.  M.D.,  B*LTI«ORE  G.  N.  STEWART,  MJJ,  CriCACO 

W.  T.  PORTER.  M,0.,  Boston 


Vol.  XVIII.— Na  HI. 

hsHfd  April  I,  (907 


BOSTON,  U.S.A. 
GINN    AND    COMPANY 

1907 


Digitized  b,  Google    ' 


CONTENTS 


Observations  on  Nitrogenous  Metabousm  in  Man  after  Removal 

OP  THK  Spleen-    Bj  Lafayetu  B.  Mmdtl  attd  Robert  Banks  Gibson  .     201 

The  Determination  of  Water  in  Photeins,     By  Francis  G.  Bimdicl 

and  Charlotte  R.  Manning 213 

ExTRAsrsTOLES  IN  THE  MAMMALIAN  HEART.  By  Arthur  D.  Hirseh- 
feldtrandj.  A.  E.  Eyster 222 

Concerning  the  Neutrality  op  Protoplasm.    By  L.  J.  Henderson 

and  O.  F.  Black 250 

The  Mechanism  of  Experimental  Glycosuria.    By  Hugh  McGuigan 

and  Clyde  Brooks 256 

The  Cause  of  the  Treppe.     By  Frederic  S.  Lee 267 

Concerning  Glycolysis.    By  G.  IV.  Hall 283 

Hydrolysis  of  Phaseolin.    By  Thomas  B.  Osborne  and  S.  H.  Clapp  .     295 

Effect  of  Partial  Starvation  followed  by  a  Return  to  Normal 
Diet,  on  the  Growth  of  the  Body  and  Central  Nervous  Sys- 
tem OP  Albino  Rats.     By  Shinkishi  Hatai 309 

Chemical  Studies  ON  the  Cell  and  Its  Medium,  — Part  II.  Some 
Chemico-Biological  Relations  in  Liquid  Culture  Media.  By 
Amos  W.  Peters 321 


The  American  Journal  of  Physiology  is  issued  monthly.  Each  vol- 
ume will  contain  about  five  hundred  pages.  The  price  of  one  volume  sent 
postage  free  to  subscribers  in  the  United  States  and  Canada  is  five  dollars; 
to  subscribers  in  other  countries,  five  dollars  and  twenty-five  cents.  The  price 
of  Volumes  One,  Two,  and  Three  will  be  six  dollars  to  domestic  subscribers, 
and  six  dollars  and  twenty-five  cents  to  foreign  subscribers.  All  subscriptions 
are  payable  in  advance. 


Subscriptions,  manuscript,  and  all  other  communications  should  be  sent  I 
Dr.  W.  T.  Porter,  Box  127,  Back  Bay  Post  Office,  Boston,  Mass.,  U.S.A. 


Contributors  will  receive  fifty  copies  of  their  papers  free;  additional  copies 
may  be  obtained  at  cost. 


CopiTdght,  1907,  by  Gihn  &  CoMrAHV. 


Printed  by  John  Wilsqn  and  Son,  at  The  Unlvenlty  Presi,  Cambridge,  Masi, 
'intend  at  the  BosUh,  Man.,  Pait'Offici  as  teetnd-^lais  mail  mailer,  Pti.  11,  tqi 


Digitized  by  Google 


OBSERVATIONS    ON    NITROGENOUS    METABOLISM    IN 
MAN  AFTER  REMOVAL  OF  THE  SPLEEN. 

»Y  LAFAYETTE  B.  MENDEL  amd  ROBERT  BANKS  GIBSON. 

[Fram  /At  SAtJlflJ  Laior^ary  of  Phjiiiological  Cktmistry,    Yalt  Untveriitf.} 

DESPITE  a  goodly  number  of  experimental  researches  continued 
over  many  years,  it  cannot  be  said  that  the  rdle  of  the  spleen  in 
the  bodily  functions  has  received  any  noteworthy  elucidation.  By 
some  it  has  been  made  responsible  for  certain  haemopoietic  activities 
which  other  investigators  have  in  turn  denied.  The  relation  of  the 
spleen  to  certain  factors  in  the  production  of  immunity  has  been 
debated ;  and  attempts  have  been  made  to  associate  this  organ  with 
certain  phases  of  the  digestive  cycle,  without  convincing  results. 
The  possibility  that  the  spleen  may  exert  some  noticeable  influence 
upon  the  general  metabolic  changes  in  the  body  has  occupied  the 
attention  of  a  few  observers.  A  brief  review  of  the  published  studies 
on  the  connection  of  the  spleen  with  metabolism  may  serve  as  an 
introduction  to  the  experiments  which  we  have  recorded  in  a  case 
of  splenectomy  in  man. 

Noel  Paton'  has  studied  the  elimination  of  nitrogen  (in  the  form 
of  urea  and  ammonium  compounds)  and  of  phosphorus  in  bitches 
before  and  after  splenectomy.  The  conclusion  derived  from  his 
experiments  is  that  "  there  is  no  essential  difference  in  the  course  or 
nature  of  the  metabolism  either  during  fasting  or  after  feeding  with 
the  ordinary  proteids  of  flesh,  with  vegetable  food  such  as  oatmeal, 
or  with  food  rich  in  nucleins,  such  as  thymus.  There  is  a  more  rapid 
excretion  of  water  after  a  meal,  probably  indicating  a  more  rapid 
absorption,"  Less  satisfactory  experiments  by  Nicolas  and  Dumoulin,' 
leading  to  contradictory  or  equally  negative  results,  need  not  be 
detailed  here. 

The  observed  formation  of  uric  acid  in  spleen  pulp  under  favorable 
conditions,  as  well  as  certain   statements   regarding   an    increased 

•  NoKl  Paton:  Journal  of  physiology,  1900,  xxv,  p.  443. 

*  Nicolas  and  Duhoulin  :  Journal  de  physiologic,  1903,  v,  p.  859. 
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elimination  of  uric  acid  in  cases  of  splenic  hypertrophy  and  lienal 
leucaemia,  have  led  to  the  assumption  of  a  relationship  between  the 
spleen  and  uric  acid  formation  in  man.  Mendel  and  Jackson^  made 
a  direct  study  of  this  subject  in  animals  after  extirpation  of  the 
spleen.  In  splenectomized  dogs  and  cats  the  feeding  of  both  purin- 
free  and  purin-yielding  foods  was  attended  by  an  excretion  o£  uric 
acid  and  allantoin  such  as  follows  in  the  normal  animals.  In  starva- 
tion endogenous  uric  acid  was  eliminated  as  usual.  It  thus  became 
evident  that  the  spleen  is  by  no  means  the  chief  organ  involved  in 
uric  acid  production  in  the  living  body,  if  indeed  it  normally  plays 
any  part  whatever  in  this  process.  Lo  Monaco"  has  also  reported 
the  excretion  of  0.4-0.6  gm.  of  uric  acid  per  day  by  a  splenectomized 
man.  These  facts  no  longer  appear  unexpected,  since  the  series  of 
purin-con verting  enzymes  leading  to  a  formation  of  uric  acid  has 
been  found  to  have  a  wide-spread  distribution  throughout  the  body 
in  other  organs  and  tissues  than  the  spleen.' 

Two  other  recorded  cases  of  splenectomy  in  man  show  little,  if 
any,  deviation  from  the  course  of  nitrogenous  metabolism  character- 
istic for  normal  man  under  comparable  conditions.  Von  Moraczewski  * 
made  a  few  analyses  of  the  urine  of  a  man  of  fifty-one  years,  seven 
months  after  removal  of  the  spleen.  The  patient  was  in  a  febrile 
condition  (pneumonia  fibrinosa,  temp.  40")  during  most  of  the  period 
of  observation,  rendering  matters  of  diet  and  other  control  somewhat 
difficult.  The  ingested  food  was  apparently  purin-free.  Von  Morac- 
zewski states  that  the  urine  showed  no  noteworthy  variation  in  com- 
position from  what  is  commonly  found  in  fevers.  The  distribution 
of  the  nitrogen  was  reported  as  follows:  urea-N,  70-78  per  cent; 
ammonia-N,  3.5-6  per  cent.  During  the  fever  the  elimination  of 
chlorides  was  small,  and  as  the  temperature  fell,  the  ammonia,  urea, 
and  uric  acid  likewise  diminished,  the  chloride  and  sodium  tending 
to  increase  in  the  urine.  The  elimination  of  phosphorus  and  calcium 
varied  from  the  usual  in  a  way  apparently  associated  with  marked 
changes  in  the  leucocytes. 

The  most  valuable  record  has  been  published  by  Umber.'    The 

'  MENDRirluid  Jackson  :  American  journal  of  physiology,  1900,  iv,  p.  163, 

*  L(>^ONACO :  Abstract  in  Schmidt's  Jahrbiicher,  1896,  cclii,  p.  109- 

^"Vf.  Mendel  :  The  formation  of  uric  acid,  Journal  of  the  American  Medical 
Xssociation,  March,  1906;  also  the  Harvey  Lectures,  1905-1906,  p.  195. 

*  Von  Moraczewski  :  Beriiner  kUnische  Wochenschrift,  1903,  xl,  p,  1002. 
'  Uhber  :  Zeitschrift  fiir  klinische  Medizin,  1904,  Iv,  p.  389. 
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data  are  of  especial  interest  because  careful  observations  were  made 
both  before  and  after  the  operation.  A  diagnosis  of  typical  Banti's 
disease  was  established.  The  patient,  a  boy  of  fifteen  years,  was  pale 
and  icteric,  showing  a  hard  splenic  tumor.  The  extirpated  spleen 
weighed  1300  gm.  The  liver  was  observed  to  be  enlarged  and 
showed  signs  of  incipient  cirrhotic  alterations.  As  a  result  of  the 
operation  the  icterus  disappeared,  the  liver  resumed  its  normal  size, 
and  the  previous  anasmia  rapidly  disappeared.  It  was  thus  apparent 
that  the  participation  of  the  liver  had  been  a  secondary  and  incipient 
influence.  The  second  metabolism  study  included  a  twelve-day 
period  twenty-four  days  after  the  operation.  The  diet  was  purin- 
free  and  analyzed.  In  the  urine  total  nitrogen,  nitrogen  precipitable 
by  phosphotungstic  acid,  urea,  ammonia,  amino-acid  nitrogen,  purins, 
chlorides,  and  phosphates  were  estimated  quantitatively,  as  well  as 
the  nitrogen  content  of  the  faeces.  The  analytical  data  show  no  pro- 
nounced variations  in  the  distribution  of  the  urinary  constituents 
which  can  be  associated  with  splenic  functions.  Prior  to  the  opera- 
tion it  was  difficult,  as  in  cases  of  fever,  to  attain  nitrogen-equilibrium 
except  with  very  large  protetd  intake.  After  the  extirpation  (and 
exclusion  of  the  pathogenetic  factors)  N-equilibrium  and  favorable 
balances  were  readily  obtained.  Noteworthy  in  contrast  with  our 
case  are  the  data  r^^rding  the  endc^enous  purin  output.  Before  the 
operation  this  showed  marked  and  sudden  fluctuations  from  o.i  gm. 
to  0.26  gm.  purin-N  per  day,  which  Umber  associates  with  periodic 
destruction  of  corpuscles  and  discharge  of  their  purins.  In  terms 
of  the  total  nitrogen  in  the  urine  the  endogenous  purin-N  varied  in 
different  dietary  periods  as  follows : 

Before  the  operation    .     1.38,  1.08,  1.17,  i.aa  per  cent 
After  splenectomy  .     .     1.06  per  cent. 

The  urea-N  remained  at  about  90  per  cent  of  the  total-N,  —  a 
normal  figure. 

Before  the  publication  of  Umber's  careful  observations  an  oppor- 
tunity was  afforded  to  us  to  supplement  our  earlier  experiments  on 
animals  by  the  study  of  the  metabolism  of  a  young  man  after  extir- 
pation of  the  spleen.' 

>  A  brief  report  of  the  results  of  this  study  was  presented  to  the  American 
Physiological  Society  in  1903.  See  American  jounul  of  physiology,  1903-1904, 
«,  p.  xxix. 
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fflrtory.'  —  The  patient,  E.  A. ,  a  baker  tweoty-six  years  of  age,  was  admitted 
to  the  New  Haven  Hospital  September  25,  1903,  Tlie  family  history 
was  without  interest  and  the  patient's  own  history  indicated  attacks  of 
malaria,  whooping-cough,  scarlet  fever,  measles,  and  rheumatism  in  earlier 
years.  He  was  accustomed  to  moderate  use  of  alcohol.  At  the  age  of 
twelve  he  was  kicked  in  the  abdomen  just  above  the  symphysis  pubis  by 
a  coll.  The  present  illness  began  a  year  ago,  when  he  first  noticed  that 
his  clothes  were  becoming  small  about  the  waist.  He  had  malaria  in  Oc- 
tober, rgoa,  but  continued  to  work  until  one  month  ago,  having  previously 
contracted  gonorrhoea,  as  a  result  of  which  a  urethral  discharge  still  per- 
sisted. A  month  ago  he  began  to  complain  of  severe  darting  pains  from 
his  back  through  to  the  front  of  the  abdomen  and  downward.  They 
came  on  at  night  usually,  and  were  relieved  by  morphine.  The  patient 
spoke  of  his  trouble  as  a  tumor,  locating  it  in  the  left  umbilical  region,  and 
was  most  comfortable  when  lying  on  his  side.  He  has  lost  about  twenty 
pounds. 

A  physical  examination  showed  a  normal  color  of  the  skin,  with  slightly 
yellow  sclera,  in  a  somewhat  emaciated  patient.  The  abdomen,  markedly 
distended  and  somewhat  tender,  was  the  seat  of  an  irregular  tumor  mass 
situated  mainly  on  the  left  side  and  extending  up  as  high  as  the  fifth  rib. 
It  was  firm,  easily  outlined,  freely  movable,  and  not  tender.  There  was 
considerable  fluid  in  the  abdominal  cavity.  A  blood  examination  failed 
to  show  any  Plasmodium.  The  differential  leucocyte  counts  and  other 
data  regarding  the  blood  will  be  found  in  a  tabular  summary  below. 

October  3  the  patient  went  home,  but  returned  to  the  hospital  on  Octo- 
ber 5,  without  indicating  any  pain  or  abnormal  temperature. 

October  8  an  operation  was  performed  by  Drs.  Sanford  and  Carmalt. 
An  incision,  six  inches  long,  was  made  from  the  ensiform  cartilage  down  to 
the  left  of  the  umbilicus.  Ascitic  fluid  escaped  from  the  exposed  peri- 
toneal cavity.  The  spleen  was  found  to  be  enlarged  and  adherent  on  its 
convex  surface.  The  opening  in  the  abdomen  was  enlarged,  the  vessels 
of  the  spleen '  I igated,  and  the  organ  removed.  The  wound  was  closed 
with  drainage.  The  spleen,  measuring  11  cm.  X  13  cm.  X  9  cm.,  weighed 
1300  grams.  The  pathologist's  report  noted  diffuse  chronic  hyperplasia ; 
no  pigmentation;  organizing  thrombi.  No  primary  cause  for  the  enlarge- 
ment could  be  given  from  the  examination. 

October  18,  the  stitches  were  removed,  the  patient  being  comfortable, 
with  a  temperature  of  gg-S"  F. 

October  28,  he  had  a  severe  coughing  attack  and  expectorated  a 
large  amount  of  somewhat  bloody  fluid.     Temperature  103.8°  F.     This 

»  We  are  especially  indebted  to  Professor  W.  H.  Carmalt,    M.D.,  for  the 
opportunity  to  study  tliis  case  and  for  the  clinical  records  here  presented. 
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condition  continued  on  October  29  (temperature  104,4"  P-)  ""^i  ^^ 
possibility  of  a  rupture  of  a  pleurisy  into  a  bronchus  was  suggested 
at  a  consultation.  This  condition  gradually  improved,  with  a  brief  cough* 
ing  attack,  etc.  (temperature  100.2°  F.)  on  November  6.  By  Novem- 
ber 15  the  wound  waa  entirely  closed,  and  on  November  18  the  patient 
was  up  in  a  chair  feeling  well.  November  39  the  wound  was  nearly  healed, 
and  on  December  13  the  patient  left  the  hospital  entirely  healed.  He 
was  seen  at  work,  and  apparently  well,  by  Dr.  Carmalt  nearly  two  years 
after  the  operation. 

The  examinations  of  the  blood  made  at  various  periods  are  tabulated 
for  comparison  (see  table  on  blood  statistics}. 

The  metabolism  experiments  consisted  in  a  study  of  the  compo- 
sition of  tbe  urine  collected  in  daily  periods  for  a  considerable  number 
of  days.  During  part  of  the  time  the  character  of  the  diet  was  spe- 
cially regulated.    The  analytical  methods  used  were  as  follows  : 

Total  nitrogen  was  determined  by  the  Kjeldahl-Gunning  process ;  urea,  by  ttij 
Momer-Sjoquist  method ;  uric  acid,  by  the  Folin-Hopkins  method;  am- 
monia, by  the  earlier  procedure  of  Folin  ; '  phosphoric  acid,  chlorine  and 
total  acidity  (with  phenolphthalein)  by  the  familiar  titration  methods; 
sulphates  by  the  usual  gravimetric  process.  All  analyses  were  made  in 
duplicate. 

The  data  are  summarized  in  a  series  of  tables  in  which  the  records 
are  grouped  into  a  number  of  periods  corresponding  to  experimental 
conditions  specifically  noted  (sec  table  on  urine  analysis). 

With  respect  to  the  diet  it  is  to  be  noted  in  a  general  way  that 
during  most  of  the  time  the  regular  light  hospital  fare,  consisting  of 
eggs,  milk,  toast,  jellies,  and  occasionally  a  little  meat,  was  furnished. 
Speaking  broadly,  it  may  be  considered  as  a  diet  poor  in  purin-yield- 
ing  foods,  except  when  these  were  specially  prescribed  in  the  experi- 
ments. Inasmuch  as  our  attention  was  particularly  directed  to  the 
question  of  purin  metabolism,  it  will  be  noted  that  a  purin-free  dietary 
was  carefully  selected  during  some  of  the  periods  in  order  to  note  the 
output  of  endogenous  uric  acid. 

Period  I.  —  The  first  experiments  were  begun  on  October  25,  seven- 
teen days  after  the  operation,  at  a  time  when  tbe  wound  was  rapidly 
healing.    The  temperature  of  the  patient  was  elevated  during  this 

^  Folin:  Zeitschrift  fiir  physiologische  Chetnie,  1901,  xxxii,  p.  575.  Subse- 
quent experience  has  shown  that  the  results  obtained  by  this  method  may  be 
somewhat  too  low.     Cf.  Folin  :  Ibid.,  190Z,  xxxvii,  p,  161. 
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entire  period,  and  symptoms  of  pneumonia  appeared  at  this  time. 
The  leucocyte  count  rose  to  13,500  on  October  26,  and  20,000  on  the 
29th.  A  pulmonary  abscess  resulting  from  mechanical  irritation  in- 
cident to  the  operation  was  suggested.  Medication  was  confined  to 
administration  of  strychnine  in  small  doses,  an  expectorant  and  a 
mild  laxative  when  required.  During  the  last  two  or  three  days  the 
fever  was  very  slight  In  some  respects  this  case  shows  a  parallelism 
at  this  period  with  that  reported  by  Von  Moraczewski. 

The  urines  were  acid  to  litmus,  and  usually  showed  a  small  sediment 
of  urates  or  uric  acid,  with  a  few  leucocytes.  Proieids  and  sugar  were 
always  absent.  There  was  at  first  pronounced  urobilinuria,  the  pig- 
ment being  readily  identified  spectroscopically  in  the  deeply  colored 
reddish  brown  urines.  It  was  learned  that  the  patient  had  noted  the 
dark  color  of  the  urine  before  the  spleen  began  to  trouble  him 
severely.  The  urobilin  may  have  been  hepatogenic  in  origin  and 
referable  to  the  liver  complications ;  although  with  the  present  diver- 
gence of  opinion  regarding  the  formation  of  urobilin  our  statement 
must  be  made  with  reserve.  At  a  later  period  the  urobilinuria 
disappeared,  although  the  chromogen  could  still  be  detected  in  the 
urine.  In  Umber's  patient  the  icterus  speedily  disappeared  after 
the  splenectomy,  thus  indicating  an  indirect  or  secondary  involve- 
ment only  of  the  liver. 

The  Jaff^-Obermayer  test  gave  slight  indications  of  indican.  In 
splenectomized  dogs  an  increased  elimination  of  indican  has  been  re- 
ported.' The  rdle  of  the  diet  in  this  connection  is  too  frequently 
overlooked.  The  ethereal  sulphates  were  estimated  in  composite 
samples. 

The  variable  figures  for  the  total  nitrogen  elimination  are  associated 
with  the  dietetic  habits  and  appetite  of  the  patient.  The  distribution 
of  nitrogen  corresponds  fairly  well  with  the  normal  standards  estab- 
lished by  Folin's  splendid  researches.'  The  absolute  and  relative 
quantities  of  uric  acid  nitrogen  are,  however,  noticeably  higher  than 
one  would  expect  from  a  diet  generally  poor  in  purins.  This  will  be 
emphasized  in  a  later  series. 

The  almost  complete  disappearance  of  chlorides  from  the  urine 
corresponds  with  the  well-known  retention  of  chloride  in  febrile 
disease.     This  is  so  frequently  associated  with  a  deficiency  of  salt  in 

'  Marcantonio:  Abstract  in  Jahresb«richt  fiir  Thierchemie,  1900,  xxs 
p.  912. 

'  FOLiN :  American  journal  of  physiology,  1905,  xili,  p.  66. 
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the  diet  (usually  milk  and  egg)  that  further  comment  on  the  sig- 
nificance of  this  finding  is  unnecessary,^ 

P«ilod  n.  —  During  three  days  sweetbreads  were  added  to  the  diet 
in  order  to  study  the  capacity  of  the  spleenless  organism  to  metabo- 
lize exogenous  purins.  These  experiments  accordingly  supplement 
the  earlier  investigation  of  one  of  us'  on  splenectomized  dogs.  At 
this  time  the  general  improvement  of  the  patient  was  quite  rapid  and 
the  urobilinuria  was  decreasing.  The  leucocyte  count  averaged 
14,000  per  cmm.  The  ingestion  of  the  nucleoproteid  food  elicited  the 
characteristic  increase  in  uric  acid  output,  as  in  the  case  of  dogs, 
giving  renewed  evidence  that  the  spleen  is  not  the  organ  primaril; 
involved  in  the  metabolic  oxidation  of  purins  to  uric  acid. 

Period  UL  —  The  patient  was  next  put  upon  a  purin-free  regime 
consisting  of  eggs,  milk,  wheat  bread,  etc.,  in  order  to  allow  a  study 
of  the  elimination  of  endogenous  uric  acid.  Leucocyte  counts  duriog 
the  period  ranged  between  9,000  and  i2,ooo  per  cmm.  The  wound 
had  entirely  healed.  The  strict  purin-free  diet  was  taken  in  two 
series  of  days,  being  begun  on  November  29  in  the  second  series. 
On  November  14  a  piece  of  beefsteak  was  allowed  by  mistake. 
The  urine  of  December  i  was  accidentally  lost. 

Experience  in  our  laboratory  has  shown  that  less  than  three  days  on 
a  purin-free  diet  suffice  to  permit  an  elimination  of  all  the  ex<^enoui 
purins  still  retained  and  afford  strictly  endogenous  data  thereaflcr.* 
The  noteworthy  feature  of  the  figures  here  presented  is  the  uniformly 
high  endogenous  output  of  uric  acid.  The  average  figures  ordinarily 
quoted  for  an  adult  man  vary  between  300  and  400  mgms.  per  diem. 
We  are  inclined  to  associate  the  relatively  high  uric  acid  output,  so 
constantly  observed,  with  the  disordered  hepatic  functions.  It  is 
assumed  by  many  physiologists  that  uricolysis — the  destruction  of 
uric  acid  formed  in  intermediary  metabolism  —  is  primarily  effected 
in  the  liver.  When  this  organ  is  excluded,  an  increased  output  (pre* 
sumably  due  to  diminished  destruction)  is  usually  observed.*  Cor- 
responding with  this,  high  uric  acid  figures  have  been  obtained  in 
cases  of  hepatic  impairment,  such  as  cirrhosis,  atrophy,  etc.     In  the 

*  Cf.  SoLLMANN  and  Hofmann  :  Americin  journal  of  the  medical  sciences, 
February,  1905. 

^  Cf.  Mendel  and  Jackson  :  American  journal  of  physiology,  1900,  iv,  p.  163. 

*  A  rdsum^  of  the  subject  of  endogenous  purins  will  be  found  in  Me.sdel: 
The  Harvey  Lectures,  Loc.  cit. 

*  Cf.,  for  example,  Sweut  and  Levene:  Proceedings  of  the  Society  for  Ei- 
perimental  Biolc^y,  1906,  iv,  p.  14. 
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present  case  the  urobilinuria  as  well  as  the  inspection  of  the  liver  at 
the  time  of  the  operation  lent  probability  to  such  an  explanation. 

Period  IV.  —  Before  the  discharge  of  the  patient  from  the  hospital 
the  urine  of  two  days  on  a  mixed  diet  was  analyzed  for  comparison 
with  Period  I.  Urobilinogen  could  still  be  detected.  The  patient 
appeared  to  be  in  good  health.  The  urinary  data  are  quite  compara- 
ble with  those  of  Period  I,  obtained  under  similar  conditions  of  diet. 


Hourly  Excretion  of  Uric  Acid  and  Total  Nitrogen, 

Various  observers  have  noted  that  the  curve  of  endogenous  uric 
acid  output  from  hour  to  hour  tends  to  attain  a  level.  After  purin- 
containing  meals  an  increased  hourly  output  of  uric  acid  is  induced 
in  a  comparatively  short  period,  giving  rise  to  a  typical  curve  for  the 
individual.^  Soetbeer'  has  noted  that  in  certain  disorders  the  curve 
may  show  great  irregularity  in  contrast  with  that  obtained  from 
healthy  persons.  Hopkins  and  Hope  found  that  the  curves  of  the 
postprandial  elimination  of  urea  and  uric  acid  are  not  exactly  paral- 
lel. The  uric  acid  reaches  its  maximum  usually  in  four  to  five  hours 
and  then  falls  again,  the  urea  showing  a  somewhat  slower  rise  to  the 
maximum.  In  view  of  the  high  uric  acid  figures  obtained  with  our 
patient  we  have  made  a  study  of  the  hourly  elimination  in  order  to 
compare  the  rate  of  excretion  with  that  pertaining  in  normal  individ- 
uals.    No  noteworthy  variation  was  observed. 

Protocol  of  December  8, —A  very  light  purin-free  sapper  was  taken  at  j  p. u. 
on  December  7.  The  collection  of  mine  was  begun  at  6  o'clock  on  the 
morning  of  the  following  day  and  continued  hourly.  No  nourishment  was 
allowed  until  11  a.  m.  At  Chat  hour  a  fairly  bountiful  meal,  consisting  of 
roast  beef  in  good  quantity,  corn,  potatoes,  bread,  milk,  and  custard,  was 
served.  Water  was  allowed  sparingly  during  the  afternoon.  Uric  acid 
determinations  were  made  by  the  Hopkins  method. 

CoMPOsmoN  OF  THE  Urine. 

Houn.                   Volume.  Nitrogen.  Uric  »dd. 

c.c.                    gm.  ingtn. 

A.  U.     6  to     7                       34                   0.26  38 

"         7  «     8                       44                   0.41  58 

8  "    9                     57                  0-43  54 

•  Cf.  Hopkins  and  Hope:  Journal  of  physiology,  1898,  xxiii,  p.  271, 
-  *  SOETBEBR :  Zeilschrift  fiir  physiologische  Chemie,  igoj,  xl,  p.  25. 
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CoMKeiTiON  OF  THE  Urine  {fontmued). 
Hours.  Volume  Nitrogen.        Uric  acid. 


A.M.     9  to  to 

93 

0.40 

46 

10    "  II 

H 
Meal  at  11 

0-39 

5« 

"        II    "  12 

30 

0.33 

45 

P.M.    13    "      I 

42 

0.S3 

7> 

"           I    ■'      3 

47 

0-54 

67 

"         2   "     3 

80 

0-75 

75 

"        3  "    4 

S3 

0.70 

7' 

"        4  "    S 

66 

o.6> 

61 

"       5  "    6 

63 

0.59 

56 

The  result  of  the  study  of  this  case  may  be  summarized  by  the  state- 
ment that,  aside  from  the  incidental  details  already  attributed  to  ojher 
•  factors,  the  analytical  data  fail  to  indicate  any  striking  variations  from 
the  normal  distribution  of  urinary  components  -which  can  be  associ^td 
with  the  exclusion  of  the  fitnctions  of  the  spleen. 
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THE  DETERMINATION   OF  WATER  IN    PROTEINS. 

By  FRANCIS  G.  BENEDICT  and  CHARLOTTE  R.  MANNING. 
[/VvM  Ikt  Chtmieal  Laberatery  ef  Waltyan  Uiivtrtify.] 

Fa  previous  paper'  we  discussed  in  considerable  detail  the 
methods  of  drying  food  materials  and  physiological  preparations 
in  high  vacua. 

While  the  evidence  secured  on  some  of  the  materials  of  animal 
nature,  such  as  beef,  implied  that  the  water  could  be  removed  by 
desiccation  in  about  two  weeks,  some  of  the  vegetable  materials 
persistently  held  water  for  weeks,  if  not,  indeed,  months.  The 
majority  of  food  materials  studied  were  combinations  of  protein,  fat, 
and  carbohydrate,  and  hence  little  evidence  was  at  hand  to  show 
what  material  held  water  so  persistently. 

The  recent  observations  of  Maquenne'  would  seem  to  indicate 
that  extreme  difficulty  is  experienced  in  determining  the  water  of 
starch,  and  although  it  is  highly  probable  that  the  greater  proportion 
of  the  water  so  persistently  retained  tn  vegetable  food  materials  is 
retained  by  virtue  of  the  presence  of  starch  in  the  material,  it  seemed 
desirable  to  continue  this  investigation  and  include  a  study  of  the 
pure  proteins. 

It  was  our  good  fortune  to  have  an  abundant  supply  of  animal  and 
vegetable  proteins,  the  animal  proteins  being  furnished  by  Prof.  Wm. 
J.  Gies  of  Columbia  University,  and  the  vegetable  proteins  by  Dr. 
T.  B.  Osborne  of  the  Connecticut  Agricultural  Experiment  Station, 
New  Haven,  Conn. 

Since  it  is  tlie  common  custom  of  almost  all  investigators  to  deter- 
mine the  moisture  content  of  animal  or  vegetable  proteins  by  drying 
to  constant  weight  in  an  air  bath  at  ioo°-tlo°,  it  is  of  considerable 
importance  to  note  the  efficiency  of  this  method  of  desiccation. 

Bxpsrtmenta  with  animal  protetna, — The  series  of  animal  proteins 
used  in  the  experiments  published  in  the  earlier  report  were  likewise 

>  Benedict  and  Manning  :  This  journal,  190J,  xiii,  p.  310. 
'  Maquenne  ;  CoRiptes  readus,  1905,  czli,  p.  609. 
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subjected  to  a  comparative  test  to  note  the  relative  efficiency  of  the 
method  of  determining  moisture  by  desiccation  in  high  vacua  and 
by  heating  in  an  air  bath  at  tOO°.  In  all  cases  duplicate  samples 
(2  grams)  of  the  air-dry  material  were  weighed  in  aluminum  dishes, 
52  mm.  in  diameter,  15  mm.  high,  and  provided  with  closely  fitting 
covers.  These  dishes  were  used  in  practically  all  of  the  previous 
work.  The  materials  were  then  placed  in  a  vacuum  desiccator  in  a 
high  vacuum,  obtained  by  the  sulphuric  acid-ether  method.' 
The  results  of  this  series  of  experiments  are  recorded  in  Table  I. 


Com  PAR  ATI  VK  Dksiccatiok 


TABLE   I. 
F  Animal  Proteins  (pi 


.  ciNT  OP  Water). 


High  Vacuum  Room  Temperature. 

In  air 

High 

Material, 

100"  for 
5  hours. 

for  2 

weeka. 

1st  week. 

2nd  week. 

4th  week. 

Collagen    and    EUttin, 
Femur  II 

Collagen    and     Elatlin, 
Rib  IV 

1061 
11.42 

10.64 
11.50 

1060 
11.52 

lOJO 

iaz3 

1054 
11.59 

Otaein,  I  Femur    .    .    . 

11.66 

11.74 

11.77 

107S 

11.80 

Gelatin,  B  Femur      .    . 

Collagen    and     ElMtin, 

FeSorlll 

11.85 
12.29 

11.90 
12.43 

11.95 
12.47 

1073 
1086 

11.97 
12.41 

ColUgen,  TMMion  C. .    . 

12.98 

13.09 

13.10 

1223 

13.14 

Elwtin,  Ligamenl  D  2nd. 

7.13 

7.24 

7.2J 

6.76 

7J7 

0»Min.V  Femur    .    .    . 

9.95 

iai6 

1025 

937 

1041 

The  dishes  were  weighed  at  the  end  of  one,  two,  and  four  weeks 
respectively.  After  the  last  weighing  they  were  placed  in  an  air 
bath  at  100°  and  dried  five  hours.  After  cooling,  they  were  weighed 
and  again  placed  in  a  high  vacuum.  The  final  weighing  was  made 
after  two  weeks'  desiccation  in  high  vacuum.  A  special  analytical 
balance  with  carefully  calibrated  weights  was  set  aside  for  use  in  this 
investigation  in  order  to  maintain  constant  conditions  of  weighing. 

An  inspection  of  the  figures  in  the  first  three  columns  shows  that 
at  the  end  of  two  weeks  the  substances  were  nearly  anhydrous,  there 
being  but  a  slight  further  loss  during  the  second  week.    There  was 

>  Benedict  and  Manning:  Americsm  chemical  journal,  1902,  xzvil,  p.  340; 
Me  also  Thia  journal,  1905,  liii,  pp.  318  et  leq. 
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no  measurable  loss  in  the  two  weeks  following,  and  these  observa- 
tions are  fully  in  accord  with  those  reported  earlier  to  the  effect  that 
the  animal  materials  were  completely  deprived  of  their  moisture  by 
desiccation  in  high  vacua  at  the  end  of  two  weeks. 

The  most  striking  observation  of  these  experiments  was  the  fact 
that  when  these  materials,  already  anhydrous,  were  placed  in  an  air 
bath  and  dried  for  five  hours,  they  all  gained  in  weight,  as  was  shown 
by  the  apparent  lower  per  cent  of  water  as  determined.  The  gains 
amounted  to  from  .30  to  1.61  per  cent  of  water,  thus  showing  that 
the  anhydrous  material  was  prone  to  absorb  moisture  out  of  the  air 
in  the  air  bath  even  at  a  temperature  of  100°. 

A  subsequent  desiccation  of  this  material  in  a  high  vacuum  for  two 
weeks  showed  that  the  loss  in  weight  was  almost  exactly  comparable 
to  the  gain  when  placed  in  the  air  bath.  The  final  percentage  of 
water  as  determined  in  these  compounds  was  essentially  the  same 
as  it  was  after  desiccation  in  a  high  vacuum  for  about  four  weeks. 
This  indicates  that  with  compounds  of  this  nature  there  is  no 
material  oxidation  or  volatilization  of  substances  when  heated  in  hot 
air  for  live  hours. 

ExpeiimeaU  witb  T»c*^bla  protoitu.  —  The  investigations  here 
reported  were  made  in  two  series.  In  the  first  series  a  number  of 
vegetable  proteins  were  dried  under  essentially  the  conditions  out- 
lined for  the  experiments  on  animal  proteins  cited  above.  Duplicate 
samples  (i  or  2  grams  of  substance)  were  placed  in  a  vacuum 
desiccator  and  dried  in  a  high  vacuum  for  nine  weeks.  At  the  end 
of  this  period  the  dishes  containing  the  substances  were  weighed  and 
then  placed  in  an  air  bath  and  dried  for  ten  and  a  half  hours  at 
110°.  Subsequently  all  dishes  were  placed  in  a  high  vacuum  and 
weighed  at  the  end  of  three  weeks.  The  results  are  given  in  detail 
in  Table  11. 

In  all  cases  the  covers  were  immediately  placed  on  the  dishes 
after  removing  from  the  desiccator,  and  other  weighings  were  made 
with  the  covers  on.  Previous  experience  has  shown  that  with  the 
form  of  aluminum  dish  and  cover  here  used,  anhydrous  material  may 
be  allowed  to  stand  even  outside  of  a  desiccator  for  several  hours 
without  any  appreciable  increase  in  weight. 

A  previous  series  of  observations  had  shown  that  pure  edestin  had 
become  practically  anhydrous  in  three  weeks.^     Consequently  it  was 

'  See  abo  results  given  in  Table  HI,  p.  317. 
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assumed  that  at  the  end  of  nine  weeks  these  compounds  would  have 
reached  constancy  with  regard  to  the  water  content. 

Comparing  the  results  obtained  after  the  final  heating  at  iio^  it 
is  seen  that  as  with  the  animal  proteins  all  the  materials  had  gained 
in  weight,  the  smallest  gain  was  .50  per  cent  and  the  largest  1.15. 
On  subsequent  desiccation  in  a  high  vacuum  for  three  weeks,  the 
loss  in  weight  corresponded  in  almost  every  instance  to  the  original 


Comparative  Desiccation  of 
Temperature)  and  an 

Vegetable  Proteins  in  a  High  Vacuum  (at  Roou 
Air  Bath  at  110°  C.  (per  cent  of  Water). 

Mwerials. 

High  vacuum 
for  9  weeks. 

lnairbatl>>tnO° 
for  lOi  hours. 

High  vacuum  for 
3  weeks. 

Edeslin  (Ho.  1} 

Legumin  (velch)      .... 
Conglutin  (yellow  lupin)  .    . 

10-98 
11.19 

lUl 
10.82 

9.83 
10.10 
10*9 
1032 

10.97 
11.13 
U-J4 
10.82 

water  content  of  the  substance  after  desiccation  for  nine  weeks. 
Thus  it  appears  clear  that  with  vegetable  proteins  as  with  animal 
proteins  there  is  a  tendency  for  the  material  dried  in  high  vacuum  to 
absorb  moisture  even  from  air  at  a  temperature  of  110°,  and  conse- 
quently the  method  of  drying  these  substances  which  involves  their 
remaining  in  an  atmosphere  at  110=  is  unsatisfactory.  The  return 
to  the  original  degree  of  desiccation  on  placing  in  the  desiccator 
after  heating  in  hot  air  indicates  that  here  likewise  there  was  no 
noticeable  change  in  weight  due  to  oxidation  or  volatilisation  as  the 
result  of  heating  at  1 10°  for  some  ten  or  eleven  hours. 

The  results  obtained  with  the  four  proteins  recorded  in  Table  II 
justified  a  more  extended  study  of  the  effect  of  desiccation  in  an  air 
bath  when  compared  with  that  in  a  high  vacuum.  Furthermore,  data 
regarding  the  rate  of  drying  in  a  high  vacuum  as  well  as  the  influence 
of  heat  on  the  anhydrous  material  were  also  desired.  Consequently 
a  series  of  vegetable  proteins  were  subjected  to  a  similar  treatment. 
Duplicate  samples  were  placed  in  a  high  vacuum  and  weighed  at  the 
end  of  two  and  twelve  weeks  respectively.  At  the  end  of  this  time 
they  were  weighed  and  then  placed  in  an  air  bath  at  110°  for  ten  and 
a  half  hours.     They  were  then  removed  from  the  air  bath,  weighed 
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and  placed  in  a  high  vacuum  for  eight  weeks.  During  the  heating 
in  the  air  bath  they  were  weighed  twice,  but  no  material  alteration  in 
weight  could  be  observed  after  five  and  a  half  hours.  The  results  are 
recorded  in  Table  III. 

It  is  seen  that  the  proteins,  with  but  few  exceptions,  all  reached 
constant  moisture  condition  after  about  two  weeks.    The  samples 

TABLE  III. 

CoMrARATIVE   DESICCATION   OF   VEGETABLE   PftOTEINS    (PER  CENT  OF    WATER). 


High  Vacuum. 

In  air  bath 
at  110"  for 
101  honn. 

High 
vacuum  for 
8  weeks. 

2  weeks. 

12  weeks. 

Amandin  <ilniond) 

9.70 

9.70 

9.32 

9.99 

Corylin  (haiel  nut)      .    . 

8,76 

881 

ai6 

8.99 

ExceLin  Biaril  nul     .     . 

7.23 

7.24 

676 

7.54 

EdMiin  No.  1  (hemp^eed) 

10.19 

10.20 

9J7 

10.28 

9.08 

9.10 

8.76 

9.28 

Eduiin  No.  3  (hemp^ed) 

8.82 

9.00 

8.74 

9.23 

Vignin  (cow  pea  A)      .    . 

7.93 

8.06 

8.43 

8.82 

VigninlcowpeaB)     .    . 

&83 

9.24 

a43 

8.97 

Glycinin  (Soy  bean)    .     . 

8.78 

8  76 

7.94 

9.05 

Legnmin  (lentil)     .     .     . 

9*1 

9.07 

8.29 

9.13 

Legumin  (horse  bean)     . 

8.77 

8.83 

7.92 

8.91 

Legamin  (vetch)     .     .     . 

8-95 

9.10 

8.82 

9J0 

Globulin  (cotton  seed)     . 

9.04 

9J39 

8J7 

9.40 

Phaseolin  A  (Adzuki  bean) 

7.S2 

7.68 

7.05 

7.81 

Pbaseolin  B  (Adiuki  bean) 

9.24 

936 

8.56 

9.58 

Phaseolin  (kidney  bean)  .    . 

8.53 

8.63 

8.31 

831 

Conglutin  No.  1  (yellow  lupin)     , 

7-15 

7.14 

■       662 

7.12 

Conglutin  No.  2  (yellow  lupin)     . 

7.S0 

7.44 

7.94 

8.63 

Glutenin  (wheat) 

9.72 

9.62 

9.46 

9.77 

Hordein  (barley) 

9.59 

9.62 

9.46 

9.77 

Glycinin  (Soy  bean) 

8.18 

8.M 

8.10 

8.40 
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showing  the  greatest  loss  in  weight  in  the  ten  weeks  between  the 
two  weighings  were:  edestin  No.  3,  0.18  per  cent;  vignin  A,  0.13 
per  cent;  vignin  B,  0.41  percent;  legumin  (vetch),  0-15  per  cent, 
and  phaseolin  B,  0.12  per  cent.  These  alterations  in  weight,  especially 
in  vignin  B,  are  of  interest  in  subsequent  comparison  of  the  desiccation 
after  heating  at  1 10°. 

On  placing  the  dishes  containing  the  desiccated  material  in  the  air 
bath  and  heating,  all  the  materials,  with  the  exception  of  conglutin 
No.  2,  gained  in  weight,  as  shown  by  the  diminished  apparent  water 
content.     The  gains  amounted  to  from  0.04  percent  to 0.91  percent. 

The  samples  were  then  placed  in  a  high  vacuum  for  two  weeks, 
after  which  they  were  weighed.  During  this  period  all  the  samples 
lost  in  weight  materially  and  the  percentages  of  water  were  cor- 
respondingly increased.  The  gains  amounted  to  from  0.30  per  cent 
to  1.09  per  cent. 

Contrary  to  the  results  as  recorded  in  Table  II,  there  is  in  all  but 
one  case  (vignin  B)  an  increase  in  the  per  cent  of  water  at  the  end 
of  the  final  desiccation  as  compared  to  the  per  cent  found  at  the  end 
of  twelve  weeks'  drying  in  vacuo. 

In  some  instances  the  increase  is  very  marked;  vignin  A, +0.76 
per  cent;  glycinin  (Soy  bean),  +0.29  per  cent;  globulin  (cotton 
seed), +0.31  per  cent;  and  conglutin  No.  2, +i.ig  per  cent.  This 
last  sample  was  the  only  one  showing  a  loss  in  weight  after  heating 
at  1 10°  C. 

The  sample  vignin  B  obviously  retains  persistently  water  that  may 
have  been  absorbed,  for  it  is  seen  that  this  sample  showed  the  largest 
loss  of  water  in  the  desiccation  in  vacito  between  the  second  and 
twelfth  week.  Even  after  the  preliminary  desiccation  this  material 
absorbed  water  from  the  air  in  the  air  bath,  a  portion  of  which  it 
retained  even  after  two  weeks  in  vacuo. 

From  these  results  it  would  appear  that  the  heat  of  the  air  bath 
resulted  in  a  loss  in  weight.  This  loss  may  be  water  or  volatilized 
organic  material.  It  seems  incredible  that  these  materials  could 
remain  over  sulphuric  acid  in  a  vacuum  of  less  than  one  millimetre 
of  mercury  for  twelve  weeks  and  still  retain  moisture,  and  yet  no 
other  explanation  of  these  losses  in  weight  is  at  hand. 

Inflnenoe  of  the  natnre  of  the  container.  —  The  hygroscopic  nature  of 
these  vegetable  proteins  should  determine  the  nature  of  the  container 
in  which  such  material  should  be  weighed  when  making  moisture 
determinations.     Many  investigators  are  accustomed  to  use  watch 
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glasses,  glass-stoppered  weighing  bottles,  or  small  glass  specimen 
tubes  which  can  be  corked,  save  at  the  moment  of  weighing. 
Obviously,  the  longer  the  material  is  exposed  to  the  moist  atmos- 
phere, the  more  rapid  and  the  greater  will  be  the  amount  of  water 
absorbed.  Using  pure  edestin  as  a  typical  vegetable  protein,  a  series 
of  experiments  was  made  in  which  the  edestio  was  dried  in  the  atr 
bath  at  110°  ^d  subsequently  desiccated  in  a  high  vacuum.  Six 
samples  each  were  weighed  in  three  kinds  of  containers,  aluminum 
dishes,  specimen  tubes,  and  glass-stoppered  weighing  bottles.  The 
results  are  recorded  in  Table  IV. 

The  amount  of  moisture  lost  by  desiccation  in  the  air  bath  is  with' 
the  aluminum  dishes  practically  unchanged  after  five  hours.  With 
the  specimen  tubes  and  bottles  there  is  a  noticeable  loss  in  the 
average  after  the  second  heating  of  three  and  a  half  hours,  while  the 
fourth  heating  results  in  no  material  change.  Thus  far  then  it  would 
seem  that  the  aluminum  dishes  are  the  least  advantageous  for  use  in 
weighing  vegetable  proteins  when  drying  in  an  air  bath.  The  glass- 
stoppered  weighing  bottles  seem  to  give  the  highest  per  cent  of  water, 
and  these  are  therefore  to  be  recommended  in  place  of  the  specimen 
tubes. 

On  subsequent  desiccation  the  material  in  all  the  containers  lost 
water,  indeed,  in  considerable  quantities.  At  the  end  of  seven  days 
the  percentage  of  water  as  determined  in  the  glass-stoppered  weigh- 
ing bottles  was  still  slightly  greater  than  in  either  the  dishes  or  the 
specimen  tubes.  At  the  end  of  fourteen  days  there  was  still  a  slight 
advantage  in  favor  of  the  weighing  bottles,  which  advantage  was  not 
lost  at  the  weighing  at  the  end  of  five  weeks. 

Here  again  is  exhibited  the  inability  to  expel  all  the  water  from 
vegetable  proteins  when  heated  in  an  air  bath.  The  average  error  in 
this  sample  of  edestin  is  with  the  aluminum  dishes  0.S6  per  cent; 
with  the  specimen  tubes  0.93  per  cent,  and  with  the  glass -stoppered 
weighing  bottles  0.50  per  cent  under  the  most  advantageous  manipu- 
lation, therefore  it  was  possible  to  abstract  one-half  of  one  per  cent 
more  water  by  desiccation  in  a  high  vacuum  after  the  sample  had 
been  dried  (?)  at  iiO°. 

BuU  for  uMlyaU.  —  The  hygroscopic  nature  of  the  animal  and 
vegetable  proteins  makes  it  practically  impossible  to  make  analyses 
on  weighed  portions  of  the  anhydrous  material,  consequently  accu- 
rate determinations  of  water  are  essential  in  reporting  the  results  of 
analyses.     The   usual   custom  of   investigators   has   been    to  deter- 
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mine  the  moisture  by  heating  in  an  air  bath  at  110°  C,  and  as  the 
results  in  this  paper  show,  the  determinations  thus  made  may  readily 
be  subject  to  an  error  of  one  per  cent.  Obviously  an  error  of  one 
per  cent  or  more  in  the  water  determinations  would  result  in  an  error 
of  one-half  of  one  per  cent  in  the  carbon  determinations,  and  a 
measurable  error  in  the  determination  of  nitrogen.  It  can  only  be 
said  that  in  the  majority  of  researches  on  the  animal  or  vegetable 
proteins,  the  carbon  and  nitrogen  determinations  are  in  large  measure 
only  used  for  comparative  observations,  and  hence  the  absolute  nitro- 
gen or  carbon  content  is  not  of  as  great  importance.  It  is  clear, 
however,  that  at  least  so  far  as  these  materials  used  in  these  inves- 
tigations arc  concerned,  it  is  impossible  to  determine  the  moisture 
content  in  them  by  drying  in  hot  air  at  a  temperature  of  ioo°-iio°. 

The  removal  of  the  final  traces  of  moisture  which  are  persistently 
retained  by  the  proteins  when  dried  in  an  air  bath  at  a  tempera- 
ture of  110°  can  be  effected  by  subsequent  desiccation  in  a  high 
vacuum  for  two  weeks.  It  is  furthermore  highly  probable  that  the 
method  reported  by  Maquenne '  for  drying  starch,  (.  e.,  heating  these 
materials  in  a  current  of  dry  air  at  i  lO'',  will  yield  results  closely  agree- 
ing with  those  obtained  in  high  vacuum.  We  have  not  determined 
experimentally  the  value  of  this  method  for  drying  proteins. 
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By  ARTHUR  D.  HIRSCHFELDER  and  J.  A.  E.  EYSTER. 
[fi>-em  l/U  PAynabgicaJ  Lahoratery  tf  thi  J^nt  HopJtim  UHitirrn/y.] 

Introduction. 

THE  investigations  recorded  in  this  pap>er  were  undertaken  with 
the  hope  of  throwing  some  light  upon  the  site  of  origin  of  the 
cardiac  impulse  in  the  mammalian  heart,  and  also  to  obtain,  for 
physiological  and  clinical  purposes,  a  further  knowledge  of  the  char- 
acteristics of  mammalian  extrasystoles  arising  in  the  great  veins  as 
well  as  of  those  arising  in  the  auricles. 

The  investigations  of  Engelmann  upon  the  frog's  heart  have  shown 
that  in  an  extrasystole  arising  from  a  stimulus  to  the  sinus  region, 
the  extrasystole  and  its  diastolic  phase  (compensatory  pause)  plus  the 
preceding  cardiac  cycle,  is  shorter  than  the  length  of  time  required 
for  two  regular  cardiac  cycles.  In  extrasystoles  arising  from  stimu- 
lation of  the  auricles  or  ventricle,  this  interval  is,  however,  just  equal 
to  two  regular  cardiac  cycles.  The  explanation  of  this  given  by 
Engelmann  led  him  to  conclude  that  by  this  method  it  is  possible  to 
differentiate  between  that  portion  of  the  heart  that  initiates  the 
prevalent  rhythm  and  other  portions.  Subsequent  work  has  tended 
to  support  this  view,  and  it  was  with  the  purpose  of  attempting  to 
apply  this  method  for  the  differentiation  of  autogenetic  and  contrac- 
tile tissue  in  the  mammalian  heart  that  the  present  work  was 
undertaken. 

Methods. 
The  animals  used  were  dogs  and  cats.  For  the  extrasystole  ex- 
periments the  animals  were  anesthetized,  placed  upon  artificial  res- 
piration, the  thorax  opened  after  ligation  of  the  internal  mammary 
arteries,  and  the  pericardium  slit  open  and  sewed  to  the  margin  of 
the  opening  in  the  thoracic  wall.  The  contractions  of  the  right  auri- 
cle .and  the  right  ventricle,  in  some  experiments  also  the  left  auricle. 


Digitized  by  Google 


Extrasystoles  in  the  Mammalian  Heart.  223 

were  recorded  by  air  transmission  by  means  of  transmitting  and 
recording  tambours.  The  tambours  employed  were  of  the  same  size, 
and  care  was  used  to  have  the  tubes  connecting  the  transmitting 
with   the  recording  tambours  of   exactly  the  same  length.     In  our 


Ftcurk  I.  —  Ground  plan  of  apparatus  for  Ihc  production  of  extrasystoles. 

early  experiments  extrasystoles  were  produced  by  mechanically 
touching  or  pinching  certain  areas,  and  by  break  induction  shocks 
sent  into  the  heart  by  means  of  a  make  and  break  key  that  recorded 
upon  the  drum  and  was  manipulated  by  hand.  In  order,  however, 
to  make  the  comparisons  that  we  wished,  it  soon  became  apparent 
that  it  was  necessary  to  have  some  mechanism  by  means  of  which  a 
series  of  stimuli  at  the  same  incidence  in  the  cardiac  cycle  should  be 
automatically  transmitted  to  the  heart.  For  this  purpose  we  de- 
vised the  apparatus  which  is  shown  in  the  following  drawings  (Figs. 
I,  2,  and  3).' 

This  apparatus  consists  of  two  parts:  first,  a  clockwork  released 
by  an  electromagnet  and  carrying  an  arm  with  platinum  points  which 

'  The  somewhat  similar  apparatus  devised  by  Rihl  (Zeitschrift  fiir  experimen- 
telle  Pathologic  und  Therapie,  1906,  ii,  p.  533)  suitable  only  for  the  production  of 
bigemini,  could  not  be  used  for  our  purposes. 
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pass  through  two  mercury  cups  on  the  base  (Figs,  i  and  2) ;  and 
secondly,  an  ordinary  receiving  tambour  modified  so  as  to  close  an 
electrical  circuit  with  each  down-stroke  of  the  recording  pen  (Fig.  3). 
M  (Fig.  3),  is  a  steel  cup  containing  mercury.  The  metal  arm  bearing 
this  cup  extends  only  to  the  hard  rubber  piece,  R,  the  other  end  of 


Figure  :.  —  Side  elevation  of  apparatus  fm  the  produc 


ti  of  cxtraRjsioles. 


which  is  connected  with  the  tambour  by  a  metal  arm.  One  terminal 
wire.  A,  is  soldered  to  the  metal  bar  bearing  the  mercury  cup,  the 
other,  B,  to  the  metal  arm  carrying  the  writing  lever.  On  the 
aluminum  writing  lever,  about  one  third  the  distance  from  the  end,  is 
fastened  a  small  platinum  wire,  which  on  the  down-stroke  of  the  lever 
dips  into  the  mercury  cup.  The  whole  apparatus  is  of  metal  with 
the  exception  of  the  hard-rubber  connection,  R.  This  serves  to  in- 
sulate the  two  terminals  from  each  other,  the  only  possible  connec- 
tion being  therefore  by  means  of  the  mercury  cup  and  the  platinum 
wire  connected  with  the  writing  arm. 

This  tambour  is  connected  with  the  rubber  tube  leading  to  the 
transmitting  tambour  attached  to  the  right  auricle,  and  records  the 
contractions  of  this  chamber  on  the  record.  With  each  systole  of 
the  right  auricle,  the  writing  lever  descends,  and  the  platinum  wire 
makes  contact  with  the  mercury  in  the  cup.  This  closes  the  circuit 
through  the  wires  A  and  B.  These  wires  pass  to  the  binding  posts 
( I  and  2)  of  the  apparatus  shown  in  the  first  two  figures.  A  battery 
is  arranged  in  this  circuit,  so  that  with  each  systole  of  the  right 
auricle  the  electro-magnet  (3)  is  activated   and   attracts   the  metal 
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arm  {4)  in  its  field.  B  (Figs.  1  and  2)  is  a  clockwork  with  the  es- 
capement removed,  mounted  on  a  base  and  bearing  a  metal  arm 
which  carries  two  platinum  points  on  each  end.  These  pass  through 
the  two  metal  cups  (6  and  7)  twice  with  each  complete  revolution  of 
wheel  8  of  the  clock.  Wheel  8  connects  with  wheel  9,  and  the 
latter  is  of  such  a  size  as  to  make  exactly  eight  revolutions  while 
wheel  8  makes  one.  At  two  opposite  points  on  i^heel  9  there  are 
catches  which  are  released  or  held  by  the  metal  bar  (4)  attached  to 
the  base  of  the  electro-magnet,  depending  upon  whether  the  latter 


FiGURK  3. —  Modified  tambour  for  the  production  of  extrasystolea. 

attracts  it  or  not.  With  each  beat  of  the  right  auricle,  therefore,  the 
catch  on  wheel  9  is  released,  and  the  wheel  makes  one  half  of  a  revo- 
lution before  being  caught  by  the  next  catch.  The  large  wheel  8 
during  this  time  and  the  arm  that  it  bears  (lO)  makes  one  sixteenth 
of  a  complete  revolution.  Thus,  in  sixteen  releases  of  wheel  9,  wheel 
8  makes  one  complete  revolution,  and  the  platinum  points  on  the 
arm  (10)  pass  twice  through  the  steel  cups  (6  and  7).  These  cups 
are  filled  with  mercury  and  connected  with  the  binding  posts  Ii  and 
12.  The  two  platinum  points  on  each  end  o(  the  bar  are  set  at  a 
slight  angle,  so  that  one  (7')  enters  one  cup  (7),  and  also  leaves  it 
before  the  other  (6')  enters  and  leaves  the  other  cup  (6). 

Binding  post  13  is  connected  with  the  metal  framework  of  the 
clock,  and  there  is  a  free  electrical  connection  between  it  and  the 
metal  bar  and  the  platinum  points  that  it  bears.  Binding  posts  12 
and  13  are  connected  with  the  primary  of  a  large  DuBois  Reymond 
coil,  and  a  battery  and  a  magneto-marking  signal  are  interposed  in 
the  circuit.  Binding  posts  11  and  13  are  connected  with  wires  which 
interpose  a  short  circuit  in  the  secondary  of  this  coil.  From  binding 
post  13,  therefore,  two  wires  lead,  one  going  to  one  end  of  the 
primary,  the  other  to  one  end  of  the  secondary.  From  the  secondary 
of  the  coil,  finally,  wires  lead  to  a  platinum  stimulating  electrode. 

With  the  apparatus  connected  as  described,  the  electrode  is  placed 
upon  that  portion  of  the  heart  which  one  wishes  to  stimulate.     With 
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each  beat  of  the  right  auricle,  the  bar  4  releases  the  catch,  and  the 
arm  10  makes  one-sixteenth  of  a  revolution.  During  every  eighth 
beat  its  platinum  points  pass  through  the  mercury  cups.  As  they 
are  set  at  a  slight  angle,  the  point  /  passes  into  the  mercury  of  cup  7 
before  the  other  point  (6')  makes  contact  with  the  mercury  of  cup  6. 
The  secondary  is  thus  short  circuited  when  the  primary  circuit  is 
closed.  When  the  primary  is  broken,  however,  by  the  platinum  point 
6'  leaving  the  mercury  of  cup  6,  point  7'  has  already  cleared  cup  7, 
so  that  the  secondary  is  open  and  the  breaking  stimulus  reaches  the 
electrodes.  By  this  means,  the  same  principle  as  is  employed  in 
the  Baltzcr  drum,  only  break  shocks  occur.  Bar  10  is  movable  on 
the  arm  (5)  of  wheel  8,  and  may  be  so  adjusted  that  the  breaking  of 
the  primary  may  occur  at  any  desired  interval  after  release.  The  in- 
cidence of  the  stimulus  after  the  previous  auricular  contraction  is 
thus  regulated,  and  if  the  clockwork  is  not  run  too  long  without  re- 
winding, such  incidence  is  constant  for  succeeding  extrasystoles.  A 
fine  adjustment  of  the  incidence  is  also  possible  by  adjusting  the 
writing  lever  of  the  tambour  (Fig.  3)  so  that  the  platinum  point  that 
it  carries  will  make  contact  with  the  mercury  earlier  or  later  in  the 
auricular  contraction.  Interposed  in  the  primary  circuit  of  the  coil 
is  a  magneto-signal  pen  which  marks  on  the  record.  When  platinum 
point  6'  enters  cup  6,  this  pen  marks  a  down-stroke,  and  when  it 
leaves  cup  6,  an  up-stroke.  The  latter  marks  the  instant  of  stimula- 
tion, and  thus  records  graphically  the  incidence  of  the  stimulus. 

By  means  of  this  apparatus  it  was  possible  to  produce  a  series  of 
extrasystoles  of  the  heart  by  break  induction  shocks  thrown  in  at 
any  desired  phase  of  the  cardiac  cycle,  and  each  extrasystole  of  a 
series  would  be  separated  from  the  last  preceding  and  the  next  fol- 
lowing extrasystole  by  seven  normal  cardiac  cycles. 

Series  of  extrasystoles  were  obtained  with  incidences  of  stimuli 
varying  from  the  refractory  period  to  late  in  the  diastolic  phase. 
The  time  on  all  records  was  recorded  by  a  Jacquct  chronograph 
marking  one-fifth  seconds.  Careful  starting  marks  were  made,  and 
the  curves  afterwards  measured,  and  the  results  reduced  to  fractions 
of  a  second  and  tabulated. 

A  number  of  experiments  upon  excised  hearts  fed  by  oxygenated 
Ringer's  solution  were  also  performed,  and  the  results,  so  far  as  they 
hear  upon  the  present  problem,  will  be  reported  here. 

Extrasystoles  were  also  produced  by  mechanical  stimuli  tn  some 
experiments. 
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Place  of  Origin  of  the  Cardiac   Impulse  and  the 
Path  of  Conduction. 

Until  quite  recently,  the  view  that  the  cardiac  impulse  in  the 
mammalian  heart  has  the  same  origin  and  course  as  in  the  heart  of 
the  cold-blooded  animals  has  been  almost  free  from  attack.  The 
classical  description  of  the  contraction  arising  at  the  mouths  of  the 
great  veins,  and  thence  sweeping  over  the  auricles  and  ventricles,  is 
to  be  found  in  almost  all  text-books  of  physiology.  Within  the  last 
year  much  attention  has  been  given  by  physiologists  to  that  portion 
of  the  mammalian  heart  which  represents  the  remains  of  the  em- 
bryonic sinus,  and  which  therefore  corresponds  anatomically  with  the 
sinus  of  the  heart  of  the  cold-blooded  animals.  Several  years  ago, 
Keith  (i)  concluded,  from  his  anatomical  studies,  that  although  the 
embryonic  sinus  of  the  mammalian  heart  becomes  in  the  adult  a 
part  of  the  auricle  by  the  overgrowth  of  the  musculature  of  the 
latter,  nevertheless  its  separate  functional  activity  may  be  inferred 
by  the  fact  that  when  heart  rigor  is  produced  by  a  jet  of  steam  upon 
the  veins  and  auricles,  the  contractions  occur  in  such  a  way  as  to 
separate  the  auricle  into  two  more  or  less  distinct  chambers,  one 
opening  into  the  vena  cava  and  the  other  into  the  ventricle.  We 
have  repeated  this  experiment  of  Keith's,  and  the  result  is  fairly 
definite  as  he  describes,'  The  musculature,  however,  of  this  sinus 
portion  is  quite  indistinguishable  from  the  rest  of  the  auricle  and 
communicates  with  it  everywhere,  interrupted  only  by  what  Keith 
describes  as  a  very  indifferently  marked  fibrous  septum. 

Mac  William  (2).  and  within  the  last  year  Adam  (3),  and  Langen- 
dorff  and  Lehmann  (4),  have  sought  to  give  a  physiological  impor- 
tance to  this  area.  Adam  mapped  out  an  area  which  comprised 
that  portion  of  the  mouth  of  the  superior  vena  cava  and  neighboring 
auricle  within  which  the  heart  rate  was  affected  by  the  application  of 
heat  and  cold.  Langendorif  and  Lehmann  more  recently  have  re- 
ported the  effects  of  excision  of  this  area.  The  result  of  such  a  pro- 
cedure, according  to  these  observers,  is  stoppage  of  the  auricles  and 
ventricles,  the  latter  of  which  after  a  time  again  begin  to  beat  at  a 

'  Keith's  results  may,  however,  admit  of  a.  different  explanation.  At  this  point 
the  auricular  appendage  begins  to  spread  out  from  the  main  body  of  the  auricle, 
and  the  fold  seen  in  the  auricular  wall  may  be  merely  the  one  which  would  natu- 
rally occur  at  such  an  angle,  with  no  relation  whatever  to  the  sinus 
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different  or  irregular  rhythm.  These  experiments  have  been  repealed 
by  Erlangcr  (5),  who  obtains  opposite  results.  This  observer  states 
that  unless  the  cut  is  made  sufficiently  deep  to  include  the  auricolai 
portion  of  the  auriculo-ventricular  bundle,  the  operation  is  without 
effect.  In  our  work  we  have  produced  extrasystoles  by  stimulation 
of  this  area  in  a  number  of  experiments,  and  so  far  as  we  are  able  to 
determine  from  our  results,  these  extrasystoles  differ  in  no  way  from 
extrasystoles  arising  somewhat  further  up  on  the  superior  vena  cava, 
if   that   portion  of  the  so-called  sinus  area  is  stimulated   which  is 


Figure  4,  —  Aboul  two  fifths  the  originjl  siie 

excised  heart  of  a  dog.  The  scialch  lines  indicate  corresponding  poinU.  Upi" 
line,  right  auricle;  middle  line,  left  a.uticle:  lower  line,  lime  in  one-Efth  Kcvod 
intervals. 

included  in  the  superior  vena  cava.  Likewise  there  is  no  definite 
difference  between  extrasystoles  arising  from  stimulation  of  the  auric- 
ular portion  of  the  sinus  and  from  other  portions  of  the  auricle.  We 
have  considered  it  best  therefore  to  designate  all  of  our  extrasystoles 
superior  or  inferior  vena  cava  extrasystoles  and  auricular  extrasys- 
toles, and  to  avoid  the  term  sinus  extrasystole. 

Fredericq,  in  1901  (6),  stated  that  in  the  heart  of  the  dog  the  right 
auricular  contraction  precedes  the  left  by  an  appreciable  interval.  In 
a  recent  paper  (7),  he  repeats  this  conclusion,  and  from  this  and  other 
observations  concludes  that  the  normal  cardiac  impulse  originates  in 
the  right  auricle  and  thence  spreads  over  the  heart,  to  the  left  auricle, 
the  mouths  of  the  vena  cavfe,  and  pulmonary  veins.  Fredericq's  ob- 
servations were  made  upon  excised  hearts.  We  have  obtained  a  sim- 
ilar sequence  between  the  right  and  left  auricles  in  experiments  upon 
excised  hearts  of  dogs,  and  also  the  reverse,  namely,  the  left  auricle 
contracting  before  the  right. .  Fig.  4  is  a  tracing  from  an  excised 
heart  in  which  the  right  auricular  contraction  precedes  the  left.  The 
same  heart  may  show  either  sequence. 

As  a  result  of  our  experiments  upon  hearts  in  situ,  however,  we  are 
able  to  state  that  under  normal  conditions  the  contractions  of  the  right 
and  left  auricles  are  separated  by  no  appreciable  interval.  This  may 
be  readily  seen  in  the  tracings  Figs.  9,  10,  and  11.    In  no  experiments 
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with  hearts  in  situ  have  we  been  able  to  observe  any  difference  in  the 
time  of  contraction  of  the  two  auricles,  and  never  has  this  been  seen 
in  excised  hearts  with  vigorous  contraction  and  a  rate  approaching 
the  normal.  It  is  probable  that  the  difference  between  the  time  of 
contraction  of  these  two  chambers  observed  by  Fredericq  and  our- 
selves occurs  only  in  dying  hearts  or  when  the  nutrition  is  abnorm.il, 
as  in  long  experiments  upon  the  excised  organ. 

In  1897  Engelmann  (8)  showed  in  the  frog,  that  when  an  extiasysiole 
of  the  heart  was  produced,  the  effect  upon  the  cardiac  rhythm  was 
dependent  upon  the  portion  of  the  heart  to  which  the  extra  stimulus 
was  applied.  If  the  stimulus  was  applied  to  the  sinus  or  vena  cava, 
the  time  from  the  beginning  of  the  last  regular  systole  preceding  the 
extrasystole  to  the  next  regular  systole  following  the  extrasystole  was 
always  less  than  the  interval  comprising  two  regular  cycles.  Previ- 
ously he  (9)  and  others  had  shown  that  when  the  stimulus  was  applied 
to  either  the  right  or  left  auricle,  or  to  the  ventricle,  this  interval  was 
always  exactly  equal  to  the  interval  comprising  two  regular  cycles. 
These  observations  he  explained  by  the  cardiac  impulse  arising  at  the 
sinus,  the  auricles  and  ventricle  during  the  extrasystole  failing  to  re- 
spond to  one  of  the  regular  impulses  of  the  sinus ;  they  were  compelled 
to  await,  therefore,  the  arrival  of  the  next  impulse  from  this  chamber 
before  carrying  out  the  next  regular  contraction.  Engelmann  speaks 
of  the  postextrasystolic  pause,  therefore,  as  compensatory,  only  when 
the  time  from  the  regular  systole  preceding  the  extrasystole  to  the 
regular  systole  following  the  extrasystole  is  equal  to  two  cardiac  cycles. 
Other  writers  speak  of  full  and  shortened  compensatory  pauses.  The 
best  nomenclature,  however,  seems  to  be  that  of  Hering  ( 10),  who  des- 
ignates in  one  word  the  regular  systole,  the  extrasystole,  and  the  pause 
following  it  as  a  bigeminus,  and  then  refers  Xo  full  {^unverkiirtee)  and 
shortened  (verkUrize)  bigeminu  It  is  in  this  sense  that  the  terms  wilt 
be  used  by  us  in  this  paper. 

As  the  result  of  his  researches,  Engelmann  came  to  the  conclusion 
that  when  an  extrasystole  arose  in  the  portion  of  the  heart  that  was 
initiating  the  prevalent  rhythm,  as  for  example  the  sinus  in  the  cold- 
blooded heart,  sliortened  bigemini  were  always  present ;  whereas,  when 
the  extrasystole  arose  in  a  portion  that  was  simply  following  a  rhythm 
initiated  elsewhere,  the  true  full  compensatory  pause  and  full  bigem- 
inus occurred.  This  view  has  received  additional  support  from  the 
observations  of  others.  Loven  (i  i)  had  found  that  when  the  auricle 
in  the  cold-blooded  heart  was  separated  from  the  rest  of  the  organ, 
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an  extrasystole  produced  to  the  isolated  auricle  was  followed  by  a 
pause  equal  only  to  the  regular  interval.  Trendelenburg  (12)  showed 
that  when  the  rate  of  the  cold-blooded  heart  is  slowed  by  cooling,  it 
is  possible  to  produce  extrasystolcs  between  the  regular  ventricular 
beats  which  are  attended  by  shortened  bigemini,  because  under  these 
circumstances  the  regular  impulses  from  the  sinus  are  so  far  separated 
that  the  refractory  period  produced  by  the  extrasystole  is  past  by  the 
time  the  next  regular  impulse  reaches  the  auricle,^  Erjanger(i3) 
has  shown,  that  although  in  ordinary  ventricular  extrasystolcs  occur- 
ring in  the  mammalian  heart  full  ventricular  bigemini  are  present, 
shortened  ventricular  bigemini  occur  in  extrasystolcs  produced  in  a 
ventricle  beating  spontaneously  during  heart  block.  Langendorff 
and  Lehmann  (4),  in  their  observations  upon  the  effect  of  excising 
the  sinus  area  in  mammalian  hearts,  state  that  in  this  condition 
ventricular  extrasystolcs  are  attended  by  shortened  bigemini,  while 
before  the  operation  such  bigemini  were  full. 

In  extrasystoles  arising  from  stimulation  of  the  auricle  of  the 
mammalian  heart,  the  bigeminus,  however,  is  often  shorter  than 
double  the  normal  cycle.  Cushny  and  Malthews(  14)  have  shown  that 
this  is  especially  true  of  extrasystoles  arising  from  stimuli  applied  to 
the  auricle  soon  after  its  regular  contraction.  Full  bigemini  may  occur 
as  a  result  of  stimuli  late  in  the  diastolic  phase  of  the  previous  con- 
traction. Rihl  (15)  has  also  published  auricular  extrasystoles  showing 
full  bigemini.  Extrasystoles  arising,  however,  from  ventricular  stimu- 
lation are  attended  under  normal  conditions  by  full  bigemini.  These 
experimental  conclusions  have  received  clinical  confirmation  from  the 
venous  tracings  of  Mackenzie  (16),  Wenckebach  (17),  and  others. 
Cushny  and  Matthews  (14)  state  that  the  shortening  of  the  bigemi- 
nus is  more  marked  when  the  stimulus  is  applied  to  the  great  veins 
than  when  it  is  applied  to  the  auricles. 

Assuming  that  the  impulse  in  the  mammalian  heart  originates  in 
the  vein  or  sinus  region,  at  least  two  explanations  have  been  offered 
as  to  the  cause  of  the  premature  contraction  of  the  auricle  in  shortened 
bigemini  arising  from  auricular  stimulation.  It  has  been  supposed 
that  an  impulse  as  a  result  of  the  extrasystole  passes  from  the  auricles 
to  the  great  veins  and  causes  them  to  contract.     This  impulse  returns 

•  Similar  "Interpolated  Eitraaystolea  "  have  been  obtained  by  J.  Rihl  (ij) 
upon  the  mammalian  heart;  but  as  the  above  explanation  evidently  holds  for  this 
group  of  extrasystolcs  and  differentiates  them  from  the  extrasystoles  followed  by 
pauses,  only  the  latter  group  will  be  considered  in  this  paper. 
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to  the  auricles  and  causes  a  premature  systole  of  these  chambers 
(Cushny  and  Matthews).  This  reverse  rhythm  occurs  more  readily 
in  the  mammalian  heart  than  in  the  cold-blooded  heart,  because  in 
the  former  the  "  sinus  "  region  is  "  fused  "  with  the  auricle  (Wenckc- 

• r^ A /v ^ r^ — r^  ...^a /\ U 

FicuRB  5.  — Two  Ihirds  the  original  «iu.  Full  bigeniinus  in  an  exirasystote  arising  from 
■timulation  of  tbe  lighl  auricle.  Uppermost  line,  magneto-signal  pen ;  aecond  line 
from  lop,  right  ventricle ;  third  line,  right  auricle  ;  lowermost  line,  time  in  one-fifth 
second  intervals.  The  occurrence  of  the  stimulus  is  given  by  the  up-stroke  of  tbe 
magneto-signal  pen,  and  is  marked  on  the  record  by  4.  The  incidence  of  the  stimu- 
lus is  the  time  from  the  lip  of  the  previous  auricular  contraction  to  this  point.  The 
latent  periods  of  the  auriclen  and  ventricles  are  the  times  from  this  line  to  the  auric- ' 
ular  and  ventricular  contractions  respectively.  The  "Double  Cardiac  Cycle"  is 
the  time  represented  by  the  distance  between  the  lines  I  and  3.  "  Regular  Systole 
plus  Extrasystole  "  is  represented  l>etwecii  the  lines  3  and  7.  and  the  "  Entrasystolic 
Cycle  "  between  the  lines  5  and  7.  The  shortening  of  the  bigcminus  is  the  difference 
between  the  double  cardiac  cycle  and  regular  systole  plus  cxtrasystole.  The  normal 
auriculo- ventricular  conduction  lies  between  the  lines  i  and  t  and  between  the  lines 
3  and  3^  and  9  and  lo;  the  eilrasyatolic  auriculo-ven  trie  ular  conduction  between 
the  lines  5  and  6.  The  numbers  on  all  the  figures  (with  the  exception  of  Fig.  it) 
have  the  same  reference  as  given  for  this  ligure. 

bach)  (i8).  Cushny  and  Matthews  also  suggest  that  possibly  the  irri- 
tability of  the  auricle  may  gradually  increase  until  it  culminates 
in  a  contraction  independent  of  impulses  coming  from  the  great 
veins. 

In  our  experiments  we  have  obtained  not  only  auricular  extra- 
systoles  with  full  bigemini,  but  also  extrasystoles  arising  from 
stimulation  of  the  superior  and  inferior  vena  cavje  in  which  the 
bigeminus  was  equal  to  two  regular  cardiac  cycles.  Fig.  5  is  an 
example  of  the  former  and  Fig.  6  of  the  latter  (superior  vena  cava). 
An  examination  of  Tables  I  and  11,  in  which  the  arrangement  is  such 
as  to  show  the  changes  that  occur  with  a  gradual  advancement  of  the 
incidence  of  the  stimulus  in  the  diastolic  phase,  shows  that  extrasys- 
toles with  full  bigemini  occur  only  when  the  stimulus  giving  rise  to 


Digitized  by  Google 


232        Arthur  D.  HirschfeUer  and  J.  A.  E.  Eyslir. 


1 

Noextrasystole  of  auricle, 

Exlrasystole  of  ventricle. 
No  exlrasystole. 

Strength  of  stimulus  in- 
creased.   Follows  the  pre- 
ceding extrasyitule. 

Exlrasystole  No.  212. 

No  extrasy stole. 
No  exlrasystole. 
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the  extrasystole  occurs  late  in  the  diastolic  phase,  twenty  hundredths 
of  a  second  or  more  after  the  summit  of  the  previous  auricular  con- 
traction. All  -early  auricular  and  venous  extra  systoles,  on  the  other 
hand,  are  accompanied  by  shortened  bigemini.  In  Table  III  are  two 
extrasystoles  with  full  bigemini  arising  from  mechanical  stimulation, 
one  from  stimulation  of  the  superior  vena  cava  and  one  from  stimula- 
tion of  the  right  auricle.     The  incidence  of  stimulus  is  not  given  here, 

VL     '  ' 


403 
Figure  6.  —  Two  thirds  the  original  size.  Full  bigeminua  in  an  exttasystole  arising  from 
■timulation  (break  induction  shock)  of  tbe  $ap«rior  vena  cava.  Uppermost  line, 
light  auricle ;  second  line  from  top,  right  ventricle ;  third  line,  (radi^  of  magneto- 
■ignal;  lowermost  line,  time  in  one-fiflh  second  intervals.  In  this  tracing  the  rise 
of  (he  curve  of  the  magneto  pen  denotes  the  instant  of  stimulation.  For  explana- 
tion of  numbers,  see  Fig.  j. 

but  from  the  first  column  of  the  table,  which  gives  the  incidence  of 
the  extrasystole  after  the  summit  of  the  previous  auricular  contraction 
(equal  to  incidence  of  stimulus  plus  latent  period  in  the  other  tables), 
it  may  be  seen  that  they  arc  the  latest  extrasystoles  recorded  and 
occur  near  the  end  of  the  diastolic  phase. 

Thus  the  question  of  full  and  shortened  venous  and  auricular 
bigemini  in  the  mammalian  heart  depends  upon  the  time  of  the 
extrasystole  after  the  preceding  regular  contraction,  and  so  far  as 
our  results  show,  it  is  impossible  by  this  method  to  determine  which 
portion  of  the  heart  initiates  the  cardiac  impulse.  Extrasystoles  aris- 
ing from  all  portions  of  the  auricles  and  superior  and  inferior  vena 
cava:  arc  similar  so  far  as  the  question  of  full  and  shortened  bigemini 
is  concerned. 

As  to  the  origin  and  direction  of  the  wave  of  contraction  in  the 
mammalian  heart,  our  observations  have  led  to  nothing  conclusive. 
We  have  observed  the  dying  hearts  of  a  large  number  of  animals. 
In  only  three  have  we  seen  definite  and  unmistakable  contractions  of 
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the  great  veins,  —  one  in  the  dying  heart  of  a  dog,  the  other  two  in  the 
dying  hearts  of  cats.  In  the  first  the  vein  and  auricles  seemed  to  be 
beating  each  with  an  independent  rhythm,  sometimes  one  preceding, 
sometimes  the  other.  In  one  of  the  cats  the  auricles  and  ventricles 
had  ceased  to  beat  before  the  appreciable  contractions  of  the  great 
veins  commenced,  and  did  not  again  begin  upon  the  occurrence  of  the 
latter.  The  contractions  of  the  great  veins,  however,  were  very  clear, 
and  there  was  what  seemed  to  he  definitely  2  :  i,  3  1  i,and  4;  i  rhythms 
at  different  times  between  the  superior  and  inferior  vena  cava  and  the 
portions  of  the  auricles  in  the  neighborhood  of  their  mouths.  The 
contractions  observed  in  the  third  cat  were  unimportant  and  also 
occurred  after  complete  stoppage  of  the  other  chambers  of  the 
heart.  In  view  of  the  large  number  of  dying  hearts  observed  by 
us  and  others,  especially  Hering,  it  is  rather  remarkable  that  if 
the  great  veins  contract  under  normal  conditions,  such  contrac- 
tions in  the  dying  heart  should  not  be  more  frequently  observed. 
Hering  (19)  reports  several  animals  in  which  contractions  of  the 
great  veins  occurred,  some  of  them  without  corresponding  contrac- 
tions of  the  auricles.  August  Hofmann  (30),  to  explain  the  sudden 
halving  of  the  pulse  rate  at  the  cessation  of  an  attack  of  paroxys- 
mal tachycardia,  assumes  a  condition  of  sino-auricular  block,  and 
cases  have  been  reported  by  Wenckebach  (21),  Hirschfelder  (22),  and 
Hewlett  (23)  in  which  there  was  an  occasional  interval  between  two 
auricular  beats  equal  to  two  normal  auricular  cycles.  The  assump- 
tion has  been  in  these  cases  that  in  this  long  interval  in  which  the 
auricle  did  not  beat,  there  was  a  sinus  beat,  which  due  to  the  sino- 
auricular  condition  did  not  reach  the  auricle.  Recently  Hering  (24) 
has  also  reported  similar  tracings  from  animals,  which  however  throw  • 
no  further  light  upon  the  subject,  as  he  does  not  state  whether  venous 
contractions  could  be  observed  in  the  long  intervals. 

Keith  (1)  has  shown  that  there  arc  definite  muscular  bands  passing 
from  the  superior  vena  cava  to  the  auricles,  which  might  well  serve 
as  conducting  paths.  These  are  not  collected  into  any  one  definite 
bundle,  but  there  are  several  fairly  well-defined  bundles  and  in  addi- 
tion a  rather  diffuse  muscular  connection.  One  of  these  bundles, 
upon  the  anterior  and  mesial  surface  of  the  superior  vena  cava,  ap- 
parently arises  from  the  auricles  and  splits  into  two  bands  which 
embrace  the  vena  cava,  forming  a  sphincter-like  band  just  above  the 
mouth.  This  bundle  is  assumed  by  Wenckebach  (21)  to  be  the  chief 
if  not  the  sole  path  of  impulses  from  the  great  veins  to  the  auricles, 
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analt^ous  in  every  way  to  the  auriculo-ventricuiar  bundle.  In  care- 
ful dissections  of  this  region,  especially  in  preparations  macerated  in 
Krehl's  nitro-acid-glycerine  mixture,  it  is  evident  that  there  are  at 
least  two  additional  muscular  strands  equally  as  large  and  anatomi- 
cally as  important  passing  between  the  vein  and  auricles,  and  there 
seems  to  be  little  reason  to  regard  Wenckebach's  bundle  as  the  sole 
path  for  the  impulse.  The  evidence  that  we  have  at  present  for 
sino-auricular  block  consists  entirely  in  an  eliminated  auricular  and 
ventricular  contraction  in  an  otherwise  regular  heart  rhythm.  The 
question  as  to  whether  the  great  veins  in  the  mammalian  heart  con- 
tract at  all  under  normal  conditions  is  still  entirely  unsettled,  and  too 
much  weight  should  not  be  given  to  such  evidence  as  has  been  de- 
rived from  dying  hearts.  The  evidence  in  favor  of  sino-auricular 
block  is  not  so  valuable  as  it  would  be  were  this  question  settled  in 
the  affirmative.^ 

Our  experiments  have,  however,  shown  that  there  is  a  physiological 
as  well  as  anatomical  connection  between  the  great  veins  and  auri- 
cles, and  that  an  extrasystole  arising  in  the  former  may  be  conducted 
to  the  auricles  physiologically.  This  is  shown  in  the  first  place  by  the 
fact  that  there  is  a  definite  veno-auricuJar  interval  (two  hundredths  of 
a  second  or  longer)  for  such  extrasystoles.  If  an  incidence  of  stimu- 
lation is  found  which  when  applied  to  the  auricles  will  fall  just  within 
the  refractory  phase  and  hence  fail  to  give  rise  to  an  extrasystole, 
this  same  incidence,  if  the  stimulus  is  now  applied  to  the  superior 
vena  cava,  will  cause  an  extrasystole  of  the  auricles,  due  to  the  fact 
that  because  of  the  time  consumed  for  the  conduction  of  the  impulse 
from  vein  to  auricle,  the  impulse  reaches  the  latter  after  the  refractory 
period.  The  same  stimulus  to  cause  an  extrasystole  when  applied  to 
the  auricle  must  fall  into  this  chamber  two  hundredths  to  three  hun- 
dredths of  a  second  later.  If  the  conduction  from  the  vein  to  auricle 
were  simply  electrical  spread  of  stimulus,  no  appreciable  conduction 
period  would  of  course  be  present.  The  interval  of  veno-auricular 
conduction  is  further  shown  by  the  difference  of  the  latent  period  of 
the  auricle  and  ventricle  in  extrasystoles  arising  on  one  hand,  from  a 
stimulus  to  the  vein,  and  on  the  other  hand  from  a  stimulus  to  the 

'  R.  FiscHEL  (Archiv  fur  experimentelle  Pathologie  und  Pharmacologie,  1897, 
xxxviii,  p.  228)  finds  that  faradization  of  the  heart  (ventricles)  in  frogs  causes 
acceleratioD  with  the  occurrence  of  ventricular  pauses  equal  to  two  regular  beats. 
These  tracings  are  similar  to  those  obtained  by  Wenckebach,  Hering,  and  others 
n  the  supposed  condition  of  sino-auricular  block. 
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auricle.  In  the  latter  case  the  latent  period  preceding  the  contrac- 
tions of  the  auricles  and  ventricles  is  several  hundredths  of  a 
second  longer  than  in  the  former.  This  difference  may  be  seen  b; 
a  comparison  of  the  latent  periods  in  Tables  I  and  II  with  ihe 
same  incidence  of  stimuli,  or  in  Table  IV,  where  averages  of  a 
number  of  extrasystoles  of  approximately  equal  length  are  givco. 
Furthermore,'  that  the  impulse  arising  from  a  stimulus  to  the  vein 
is  conducted  physiologically  to  the  auricles  is  shown  by  the  fact  that 
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Exltasysiole  with  full  bigeminm  fron  im- 
:na  cavx.  Cppcr  tine,  right  auricle;  midib 
one-fifth  second  intervals.     For  eiplanatna 


Figure  7.  —  Four  fifths  the  original 
chanical  stimulation  of  the  superior 
line,  right  ventricle ;  'lower  line,  time 
of  numbera  see  Fig.  5. 

such  conduction  does  not  occur  if  the  wall  of  the  vein  close  to  the 
auricle  is  crushed  in  a  clamp,  continuity  being,  however,  well  pre- 
served so  as  not  to  interfere  with  electrical  conductivity.  Under 
such  conditions  stimuli  of  any  moderate  strength  or  incidence  ap- 
plied just  above  the  crushed  area  fail  to  give  an  extrasystole.  Ap- 
plied however  below  the  crushed  area,  the  same  stimulus  is  effective 
and  gives  rise  to  an  extrasystole.  The  difference  in  distance  cannot 
be  of  any  importance,  for  before  the  clamp  was  applied,  stimulation 
much  further  up  on  the  vein  was  effective  in  giving  rise  to  an  eilra- 
systole.  Finally,  extrasystole  of  the  auricle  and  ventricle  may  arise 
from  mechanical  stimulation  of  the  superior  vena  cava,  as  is  shovn 
in  Table  III  and  Figure  7,  It  is  therefore  evident  that  while  we 
have  no  direct  evidence  that  the  great  veins  do  contract  6rst,  or  even 
contract  at  all  under  norma)  conditions,  there  is  a  path  or  paths  cod- 
necting  the  vein  and  auricles,  which  is  capable  of  physiolf^call]^ 
conducting  an  impulse  arising  in  the  great  veins  to  the  auricle. 

Characteristics  of  Mammalian  Extrasystoles, 

Full  and  Bbortened  bigemiitl.  —  As  has  been  stated  above,  auiicnlai 

and  venous  extrasystoles  with  full  bigemini  occur  only  when  the 


Digitized  by  Google 


ExtrasystoUs  in  the  Mammalian  Heart,  241 


z 

m 

ir 

m 

& 

Hi 

I 

II 

H 

1 
J. 

i 

Digitized  b,  Google 


242        Arthur  D.  Hirschfelder  and  %  A.  E.  Eysier. 

stimulus  and  the  resulting  extrasystole  are  late  in  the  diastolic  phase 
of  the  previous  contraction.  An  examination  of  column  eight  of 
Tables  I  and  II  will  show  that  the  shortening,  that  is  to  say,  the  dif- 
ference between  the  length  of  the  regular  systole  plus  extrasystole  • 
and  a  double  cardiac  cycle,  is  in  general  greatest  with  the  early  extra- 
systoles,  and,  though  not  without  exceptions,  a  fairly  regular  decrease 
of  the  shortening  occurs  as  the  incidence  of  the  stimulus  in  the 
dyastolic  phase  is  advanced. 

CompenBatoi7  paaae.  —  In  the  Seventh  column  of  the  tables  is 
given  the  extrasystolic  cycle,  and,  for  comparison,  in  the  ninth  column 
is  shown  the  result  of  dividing  the  length  of  the  double  cardiac  cycle 
by  the  extrasystolic  cycle.  In  certain  cases  the  time  from  the  be- 
ginning of  the  extrasystole  to  the  end  of  its  diastolic  phase  (extra- 
systolic cycle}  is  only  equal  to  or  less  than  a  single  cardiac  cycle, 
and  hence  a  "  compensatory  "  pause  does  not  exist.  As  a  rule,  how- 
ever, the  extrasystolic  cycle  is  somewhat  longer  than  a  single  cardiac 
cycle,  and  this  is  true  for  extrasystoles  arising  from  stimulation  of 
the  superior  vena  cava  as  well  as  from  stimulation  of  the  auricle. 
Measurement  of  a  large  number  of  extrasystoles  has  failed  to  show 
any  definite  relation  between  the  length  of  the  extrasystole  and  its 
diastole  and  the  amount  of  shortening  of  the  bigeminus.  There 
seems  also  to  be  no  definite  difference  in  this  length  in  relation  to 
the  time  of  the  extrasystole  in  the  diastolic  phase  of  the  previous 
regular  contraction.  The  quotient  in  column  nine  of  the  tables,  ob- 
tained by  dividing  the  double  cardiac  cycle  by  the  extrasystolic  cycle, 
is  fairly  constant,  and  shows  no  regular  variation  with  the  incidence 
of  stimulus  causing  the  extrasystole  nor  with  the  amount  of  shorten- 
ing present.  The  diastolic  phase  of  the  extrasystole  is  usually  desig- 
nated as  the  compensatory  pause.  The  length  of  systole  in  the  very 
early  extrasystoles  is  somewhat  shorter  than  in  later  extrasystoles ; 
but  this  difference  is  small,  and  its  effect  upon  the  comparison  of  the 
length  of  the  compensatory  pause  by  means  of  the  length  of  the  ex- 
trasystolic cycle  may  be  neglected.  We  may  therefore  conclude  that 
whatever  may  be  the  mechanism  of  production  of  the  compensatory 
pause,  its  degree  of  action  is  not  influenced  by  the  length  of  the 
previous  diastole  of  the  heart. 

Of  considerable  interest  is  the  production  of  a  compensatory  pause 
in  the  auricle  without  preceding  extrasystole  by  means  of  a  stimulus 
occurring  very  early  in  the  diastolic  phase.  Examples  of  this  are 
given  in  Tables  I  and  II  and  in  Figure  8, 
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The  auricle  gives  rise  to  no  measurable  or  visible  contraction,  but  a 
definite  pause  occurs.  There  is  an  extrasystole  of  the  ventricles 
followed  by  a  pause,  and  the  auricle  then  again  beats  and  normal 
cardiac  cycles  return.  An  incidence  of  stimulus  slightly  earlier 
causes  no  extrasystole  and  no  pause;  an  incidence  slightly  later 
results  in  an  extrasystole  of  both 
auricles  and  ventricles.  This  same 
phenomenon  has  been  observed 
by  Meyer  (25),  by  Cushny  and 
Matthews  (14),  and  recently  by 
Schultz  (26),  the  last  observer 
in  strips  of  cold-blooded  hearts. 
Meyer  considered  the  phenome- 
non of  compensatory  pause  with- 
out preceding   extrasystole  to  be 

a  process  of  inhibition.     Cushny    •"=""  ^— '^'^  ">''<''  ""^  °T"''  ''f* 
,  ,,       ,  ,  ,  %         Compenwtory  (?)  pause  of  auncle  with, 

and  Matthews,  however,  observed  ^„(  pieMding  Minsystok. 
it  in  atropinized  hearts.  Our  re- 
sults are  negative  so  far  as  this  point  is  concerned.  We  attempted 
in  a  number  of  experiments  to  obtain  this  phenomenon  after  atro- 
pine by  a  careful  adjustment  of  the  incidence  of  stimulus,  but  with- 
out success.  An  incidence  of  stimulus  which  before  atropinization 
gave  a  compensatory  pause  without  extrasystole,  always  caused  after 
the  latter  a  definite  extrasystole.  There  seem  to  be  no  other  definite 
effects  of  atropine  upon  extra  systoles.  The  ordinary  compensatory 
pauses  are  not  affected  in  length.  A  number  of  extrasystolcs  after 
atropinization  are  given  in  Table  II. 

Slse  of  extnujatoles.  —  The  size  of  early  extrasystoles  is  always 
less  than  a  normal  contraction.  With  our  system  of  recording,  it  is 
impossible  to  say  definitely  as  to  when  the  normal  size  is  reached, 
but  it  seems  to  be  within  the  first  third  of  the  diastolic  phase  of  the 
preceding  contraction.  The  earliest  extrasystoles  are  very  small,  and 
there  is  a  rapid  increase  to  normal  as  the  incidence  is  advanced.  Wc 
can  draw  no  conclusions  from  our  tracings  as  to  the  next  regular 
systole  following  the  extrasystole  ("  postextrasystolicsystole  ").  A 
recent  paper  by  RihJ  (27)  tends  to  show  that  the  increase  in  size  of  this 
beat  that  is  usually  observed  does  not  occur  in  extrasystoles  pro- 
duced in  heart  strips,  and  that  the  cause  of  the  increase  observed  in 
hearts  in  situ  is  therefore  probably  due  to  the  greater  filling  of  the 
auricles  during  the  compensatory  pause. 
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CoDdnotlon  iDt«rT«la  and  latant  paiiodB.  —  The  interval  consumed 
in  veno-auricular  conduction  in  extrasystoles,  measured  by  the  differ- 
ence in  latent  period  of  the  right  auricle  in  vein  stimulation  and  in 
auricular  stimulation,  varies  between  two  hundredths  and  four  hun- 
dredths of  a  second. 


5  6 


iMj^Hnn/ 


Figure  9. —  Two  thirds  die  original  size.  Earl i^  exirasy stole  with  prolonged  extTasystolle 
auric ulo-ventikular  conduction.  Stimulus  applied  to  the  light  auricle.  Uppermoal 
line,  right  ventricle  ;  second  line  from  top,  left  auricle;  third,  tracing  of  magneto-pen  ; 
fourth,  right  auricle ;  fifth,  lime  in  one-fifth  second  intervals.  For  explanation  of 
numbers,  see  Fig.  5. 

The  normal  auriculo-vcntricular  conduction  in  the  dog's  and  cat's 
heart  varies  between  five  hundredths  and  ten  hundredths  of  a  second, 
with  an  average  of  about  seventy-five  thousandths.  The  A-V  con- 
duction in  early  extrasystoles  shows  a  nearly  constant  lengthening, 
(The  only  exceptions  to  this  rule  in  our  experiments  occurred  in  one 
dog  with  remarkably  irritable  heart.)  This  prolongation  over  the 
normal  varies  from  one  hundredth  to  six  hundredths  of  a  second. 
Though  not  without  certain  exceptions,  it  may  be  stated  that  the 
greatest  increase  in  length  of  the  A-V  conduction  occurs  in  the  very 
early  extrasystoles,  and  a  gradual  decrease  of  the  prolongation  occurs 
as  the  incidence  of  the  stimulus  is  advanced  in  the  diastolic  phase. 
When  the  incidence  of  the  stimulus  falls  twelve  hundredths  to  fourteen 
hundredths  of  a  second  or  later  in  the  diastolic  phase  of  the  right 
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auricle,  the  extrasystolic»A-V  conduction  is  not  prolonged  over  the 
normal.  The  results  upon  which  these  conclusions  are  based  are 
given  in  the  tables.  Fig.  9  is  an  example  of  an  early  extrasystole 
with  prolonged  extrasystolic  A-V  conduction.  Fig.  to  is  an  example 
of  a  late  extrasystole  with  a  normal  A-V  extrasystolic  conduction. 


'nvfxpvi 


^/^n/r\mnnr 


Figure  to.  —  About  four  fifths  the  original  size.  Late  exti asystole  with  normal  extra- 
systolic auric ulo-ventricu tar  conduction.  Stimulus  applied  to  right  auricle.  Curves 
as  in  Fig.  9.     For  explanaiion  of  numbers.  See  Fig,  j. 

Fig.  1 1  shows  a  series  of  extrasystoles  arising  from  a  mechanical 
stimulus.  The  heart  was  not  being  electrically  stimulated  at  this  time, 
and  the  tracing  of  the  magneto-pen  is  to  be  disregarded. 

The  A-V  conduction  (between  the  lines  2  and  3  on  the  tracing) 
increases  with  each  extrasystole,  and  drops  back  to  normal  or  nearly 
normal  in  the  first  subsequent  regular  systole. 

In  our  opinion  the  lengthening  of  the  A-V  conduction  in  early 
extrasystoles  is  an  expression  of  the  lowering  of  the  conductivity  of 
the  auriculo-ventricular  bundle  as  the  result  of  the  passage  of  the 
previous  cardiac  impulse.  The  diastolic  phase  of  the  right  auricle  is 
from  thirty  hundredths  to  thirty-five  hundredths  of  a  second  long  in  the 
dog's  heart  beating  at  normal  rate,  and  hence  it  is  apparent  that 
the  depression  of  conductivity  passes  off  within  the  first  third  of  the 
diastolic  period.    This  lengthening  of  A-V  conduction  in  extrasystoles 
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may  be  of  some  clinical  importance.  Sue)*  delayed  conduction  has 
been  considered  as  definite  evidence  of  permanent  disturbance  of 
auriculo-ventricular  conductivity,  whereas  in  many  cases  it  may  be 
due  solely  to  the  occurrence  of  extrasystoles.  Before  making  a 
diagnosis  of  impaired  conductivity,  it  is  therefore  of  importance  to 
observe  whether  the  prolonged  A-V  intervals  accompany  regular  or 
extrasystoles,  as  in  the  latter  case  it  may  be  of  no  clinical  significance. 

FlGURB  II.  —  One  half  the  original  aize.  Series  of  extrasystoles  from  mechanical  stimu- 
lation of  (he  right  auricle.  Shows  prolonged  auriculo-ventricular  conduction  ac- 
companying ihe  eilrasyatoles.  Curves  as  in  Fig.  9.  The  A-V  conduction  periods  lie 
betneen  the  lines  i  and  3. 

Mackenzie  (28),  v.  Tabara  (29),  and  Hewlett  (30)  have  shown  that 
digitalis  diminishes  conductivity,  and  hence  is  contraindicated  in  con- 
ditions in  which  this  function  is  already  impaired.  According  to  our 
evidence,  such  contraindication  is  only  present  with  a  regularly  beating 
heart  or  with  extrasystoles  occurring  late  in  diastole. 

The  latent  period  of  the  auricle  to  stimuh  applied  directly  to  it, 
varies  from  five  hundredths  to  twelve  hundredths  of  a  second,  and 
this  value  is  greatest  in  the  very  early  extrasystoles  and  decreases  as 
the  incidence  is  advanced  in  the  diastolic  phase.  This  may  be  seen 
in  the  second  column  of  Table  II.  This  difference-is  also  apparent 
in  the  latent  period  of  the  ventricle  upon  auricular  stimulation.  We 
have  here,  however,  two  factors  acting  in  the  same  direction  as  the 
incidence  of  the  stimulus  advances:  first,  the  decrease  in  the  latent 
period  of  the  auricle,  and,  second,  the  gradual  decrease  of  the  pro- 
longation of  the  A-V  conduction.    The  difference  in  the  latent  period 
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of  the  auricle  in  vein  stimulation  and  in  stimuli  applied  directly  to 
it,  has  been  brought  out  above.  In  stimuli  applied  to  the  vein,  the 
contractions  of  the  two  auricles,  so  far  as  we  can  determine  from  our 
records,  is  simultaneous.  In  stimuli  applied  to  either  auricle  it  is 
often  possible  to  observe  a  small  difference  in  the  time  of  con- 
traction of  the  two  auricles,  that  is,  a  short  interval  of  interauricular 
conduction. 

Rsfnotory  pariod.  —  With  submaximal  stimuli  the  earliest  stimulus 
which  will  cause  an  extraaystofe  is  about  four  hundredths  of  a  second 
after  the  begining  of  the  diastolic  phase  of  the  right  auricle,  measured 
from  the  tip  of  the  previous  auricular  contraction.  The  incidence 
necessary  is  less  when  the  stimulus  is  applied  to  the  superior  or 
inferior  vena  cava  than  when  it  is  applied  to  the  auricle,  due  to  the  in- 
terval of  conduction  from  vein  to  auricle.  In  other  words,  an  incidence 
of  stimulus,  which  if  thrown  into  the  auricle  would  fall  within  the 
refractory  period,  may,  if  thrown  into  the  vein,  reach  the  auricle  after 
the  refractory  period  has  passed.  This  suggests  the  possibility  that 
the  refractory  period  of  the  vein,  if  such  is  present,  passes  off  before 
that  of  the  auricle,  but  with  our  present  knowledge  it  is  dangerous  to 
carry  this  speculation  too  far. 

The  refractory  period  may  be  decreased  by  increase  of  the  strength 
of  stimulus.  An  example  of  this  is  given  in  the  second  and  third 
extrasystoles  of  Table  I.  Similar  observations  have  been  made  by 
Schultz  (31)  in  hearts  of  cold-blooded  animals.  This  observer  recog- 
nizes two  divisions,  —  a  variable  refractory  period  which  may  be  made 
to  disappear  with  increase  of  stimuli,  and  an  absolute  refractory  period 
which  remains  constant  towards  all  electrical  stimuli. 

Conclusions. 

1.  The  rule  formulated  by  Kngelmann  for  the  cold-blooded  heart 
to  differentiate  between  autogenetic  and  contractile  heart  tissue  by 
means  of  extrasystoles,  has  yielded  only  negative  results  in  our  hands 
when  applied  to  the  mammalian  heart.  We  are  unable  to  determine 
by  this  method  that  portion  of  the  mammalian  heart  from  which  the 
impulse  arises.  The  so-called  sinus  region  of  the  dog's  and  cat's  heart 
shows  no  difTerence  in  this  respect  from  other  p>ortions  of  the  auricles 
and  great  veins. 

2.  Extrasystoles  of  the  mammalian  heart  show  full  or  shortened 
bigcmini   according   as   the   extrasystole   falls   late  or  early  in    the 
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diastolic  phase  of  the  previous  contraction.  This  applies  to  extrasys- 
toles  arising  from  stimulation  of  the  great  veins  as  well  as  to  those 
from  stimulation  of  the  auricles. 

3.  There  is  a  physiological  as  well  as  anatomical  path  connecting 
the  superior  vena  cava  with  the  two  auricles,  which  conducts  an 
impulse  arising  in  the  former  to  the  latter  according  to  physiological 
laws. 

4.  The  auriculo-ventricular  conduction  is  prolonged  in  early 
extrasystoles  of  auricular  and  venous  origin,  and  becomes  normal  in 
extrasystoles  occurring  after  the  first  third  of  the  diastolic  period. 

5.  The  two  auricles  of  the  mammalian  heart  under  normal  con- 
ditions contract  simultaneously.  In  dying  hearts  either  the  one  or 
the  other  may  precede. 

6.  Atropinization  has  no  definite  effect  upon  ordinary  extrasystoles. 
We  were  unable,  however,  to  obtain  the  phenomenon  of  compensatory 
pause  without  preceding  extrasystole  in  these  experiments, 

7.  The  length  of  the  compensatory  pause  in  extrasystoles  of  auric- 
ular  and  venous  origin  is  quite  constant  and  does  not  seem  to  vary 
with  the  incidence  of  the  extrasystole  or  with  the  region  from  which 
the  extrasystole  arises. 
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CONCERNING  THE  NEUTRALITY  OF   PROTOPLASM. 
By  L  J.  HENDERSON  and  0.  F.  BLACK. 

[Frvm  lie  Labaratery  of  Biologual  CktmUtty  of  lie  Harvard  Medical  Scisal.] 

IT  has  been  pointed  out  by  one  of  us '  that  the  phosphates  of  proto- 
plasm must  be  concerned  in  the  neutralization  of  acid  produced 
by  or  introduced  into  the  cell,  and  that  they  should  be  able  to  accom- 
plish this  result  with  very  httle  change  in  hydrogen  ionization  even 
when  considerable  amounts  of  acid  have  to  be  taken  care  of.  As  a  re- 
sult of  this  idea  it  has  seemed  desirable,  both  because  of  the  normal 
production  of  acid  substances  in  metabolism,  in  particular  sulphuric 
acid  and  phosphoric  acid,  and  because  of  the  great  importance  of  the 
pathological  production  of  acid  substances,  to  endeavor  to  study  the 
changes  in  equilibrium  which  occur  in  protoplasm  upon  the  addition 
of  acid.  Clearly  it  is  necessary  to  proceed  by  slow  degrees  in  such 
an  investigation,  commencing  with  a  system  composed  of  a  few 
only  of  the  constituents  of  protoplasm,  those  which  for  theoretical 
reasons  seem  to  be  probably  most  concerned  in  the  matter,  and  after 
the  simpler  equilibrium  has  been  made  clear,  by  the  addition  one  by 
one  of  other  substances,  to  determine  their  effect.  In  the  end  it 
should  be  possible  to  test  conclusions  with  some  such  preparation  as 
the  expressed  juice  of  muscle. 

For  several  reasons  an  aqueous  solution  made  up  of  mixtures  of 
phosphoric  acid,  carbonic  acid,  and  sodium  or  potassium  hydroxide 
in  varying  amounts,  seems  a  suitable  subject  of  study  for  the  purpose 
of  collecting  preliminary  informatien,  and  it  has  been  employed  in  the 
present  investigation. 

The  results  of  the  investigation  indicate- that  in  the  presence  of 
free  carbonic  acid  it  is  impossible  to  obtain  a  solution  which  contains 
less  than  one  molecule  of  mono-sodium  or  mono-potassium  phosphate 
for  every  nine  molecules  of  di-sodium  or  di-potassium  phosphate,  and 
on  the  other  hand  that  sodium  hi-carbonate  cannot  exist  in  consid- 
This  journal,  1906,  xv,  pp.  257-271. 
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erable  amount  in  a  solution  containing  more  than  one  molecule  of 
mono-sodium  or  mono-potassium  phosphate  for  every  molecule  of  di- 
sodium  or  di-potassium  phosphate,  but  within  these  limits,  or  some- 
what narrower  ones  so  far  as  the  phosphates  are  concerned,  wide 
variation  can  occur.  The  presence  of  varying  amounts  of  sodium 
sulphate  seems  to  be  without  material  effect  upon  the  equilibrium. 
If  in  such  systems  the  amount  of  base  is  relatively  great,  the  amount 
of  combined  carbonic  acid  is  also  great,  and  little  salt  of  the  form 
NaHjPO^  exists;  if  the  amount  of  base  is  relatively  small,  little 
carbonic  acid  is  taken  up  by  the  solution,  and  the  amount  of  salt  of 
the  form  NaHjPO^  is  relatively  great.  The  tension  of  carbonic  acid 
seems  to  have  little  effect  upon  the  equilibrium.  At  room  tempera- 
ture all  such  mixtures  give  a  faint  pink  color  with  rosolic  acid  cor- 
responding to  a  nearly  constant  hydrogen  ionization  of  i  X  io~'. 
According  to  the  determinations  of  Salm'  mixtures  of  mono-  and 
di-sodium  phosphates  varying  between  the  molecular  proportions 
5 :  5  and  i :  9  possess  a  hydrogen  ionization  not  less  than  about 
Oi5X  io~'  and  not  more  than  about  i  X  io~'. 

Even  without  more  accurate  determinations  than  the  present  ones 
it  seems  certain  that  the  hydrogen  and  hydroxyl  ionization  of  proto- 
plasm must  be  much  more  constant  than  that  of  blood  plasma  as 
mcasure(^by  recent  investigators;'  indeed,  variation  of  more  than 
about  5,0  X  io~'  —  that  is  to  say,  a  variation  in  the  mass  of  hydrogen 
ions  of'five  parts  in  ten  billion  parts  of  protoplasm  or  an  equivalent 
variation  in  hydroxyl  ions — seems  quite  impossible  in  the  presence 
of  both  free  and  combined  carbonic  acid  and  phosphates.  Starting 
with  such  a  mixture,  consisting  of  relatively  little  phosphoric  acid 
and  relatively  much  base,  the  addition  of  strong  acid  produces  no 
appreciable  effect  upon  the  hydrogen  ionization  of  the  solution  until 
all  of  the  combined  carbonic  acid  has  been  driven  off  and  a  ratio  of 
mono-  to  di-phosphate  nearly  5  :  5  established.  Thus,  if  a  mixture  in 
the  ratio  of  one  molecule  of  phosphoric  acid  and  three  molecules  of 
sodium  hydrate  be  saturated  with  carbonic  acid,  a.  precisely  neutral 
solution  results.  To  this  solution  may  then  be  added  1.5  molecules 
of  hydrochloric  acid  without  appreciably  upsetting  the  neutrality  of 
the  reaction.  According  to  these  conclusions  the  justness  of  the 
neutrality  of  protoplasm  must  far  surpass  the  accuracy  of  adjustment 
of  any  other  known  equilibrium  in  the  body,  and  at  the  same  time 
'  Salm:  Zeilschrift  fiir  physikaJische  Chemie,  1906,  Ivii,  p,  471. 
'   See,  for  instance,  Sziu :  Archiv  filr  die  gesammte  Physiologie,  1906,  cxi,  p.  82. 
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the  system  must  be  able  to  neutralize  relatively  enormous  quantities 
of  acid  without  becoming  acid.  On  tjie  other  hand,  the  presence  of 
an  excess  of  carbonic  acid  must  be  sufficient  absolutely  to  prevent 
even  the  slightest  alkalinity  if  there  were  a  tendency  in  that  direc- 
tion. Quite  possibly  the  range  of  neutrality  in  the  system  is  greater 
at  body  temperature  than  at  20°,  and  it  may  further  be  extended 
by  the  co-operation  of  other  substances,  —  a  possibility  which  is  now 
being  investigated  in  this  laboratory. 

Blood  plasma  containing  almost  no  phosphate  may  present  a  some- 
what different  case  to  that  here  considered,  and  it  is  possible  that  in 
such  a  case  much  greater  variation  in  hydrogen  ionization  may  occur. 

Experimental. 

A  series  of  preliminary  experiments  were  made  to  determine  the 
condition  of  equilibrium  in  dilute  solutions  of  di*3odium  and  di-potas- 
slum  phosphates  in  contact  with  carbonic  acid  of  different  tensions. 
The  experiments  were  carried  out  by  saturating  solutions  of  the  phos* 
phates  at  room  temperature  with  mixtures  of  carbonic  acid  and  air 
carefully  prepared,  containing  respectively  30,  60,  and  100  per  cent 
carbonic  acid  at  a  tension  of  76  cm.  of  mercury.  In  the  resulting 
solutions  carbonic  acid  was  estimated  by  treating  25  c.c.  of  the 
solution  with  acid  and  collecting  the  carbonic  acid  given  off  in  an 
ordinary  potash  bulb  according  to  the  usual  method  of  organic  analy- 
sis. Another  portion  of  the  solution  was  tested  with  indicators  ac- 
cording to  the  method  of  Salm.^  In  every  case  the  final  mixtures 
prepared  at  room  temperature  gave  with  rosolic  acid  the  faint  pink 
color  which  according  to  Salm  corresponds  to  a  hydrogen  t.'inization 
of  I0~\  and,  as  we  have  found  in  confirmation  of  Salm's  determina- 
tions, corresponds  to  a  mixture  of  mono-  and  di-sodium  phosphates 
in  the  molecular  ratio  4.5 :  5.5  and  to  mixtures  varying  not  a  little 
from  this  ratio  in  either  direction.  The  preparations  were  then  tn 
all  cases  neutral ;  that  is  to  say,  they  contained  less  than  io~*  hydro- 
gen ions  and  less  than  io~*  hydroxyl  ions.  The  data  of  the  prelimi- 
nary experiments  are  collected  in  Table  I. 

Evidently  in  the  above  solutions  an  adjustment  of  equilibrium, 
varying  little  with  carbonic  acid  tension,  such  that  the  solution  con- 
tains somewhat  more  di-potassium  or  di-sodium  phosphate  than  mono- 
sodium  or  mono-potassium   phosphate  is  established.    The  above 
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results  are,  however,  far  from  accurate,  because  of  the  great  dilution 
of  the  solution  and  in  particular  because  of  doubt  concerning  the 
amount  of  dissolved  carbonic  acid.  Slight  variations  in  temperature 
also  occurred,  and  these  somewhat  affect  the  accuracy  of  the  results. 
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In  the  following  experiments  more  concentrated  solutions  were 
employed,  and  at  the  same  time  the  ratio  of  base  to  acid  was  varied  by 
adding  to  a  mixture  of  di-sodium  phosphate  and  sodium  bicarbonate 
varying  amounts  of  sulphuric  acid.  In  other  respects  the  experi- 
ments were  carried  out  as  above.  The  experiments  are  tabulated  be- 
low. In  all  cases  except  the  last,  in  which  combined  carbonic  acid 
was  not  present  in  considerable  amount,  the  reaction  was  precisely 
neutral  with  rosoHc  acid. 

Clearly,  in  the  presence  of  relatively  much  base  and  relatively  little 
acid,  equilibrium  is  so  adjusted  that  there  is  a  relatively  great  amount 
of  dt-sodium  phosphate  compared  with  mono-sodium  phosphate, 
while  in  the  presence  of  less  base  and  more  acid  there  is  present  but 
little  more  of  the  di-sodium  phosphate  than  of  the  mono-sodium  phos- 
phate. On  the  whole,  however,  the  variation  in  the  ratio  is  not  great, 
it  corresponds  to  neutral  mixtures  of  pure  phosphates  which  can  still 
neutralize  much  acid  without  becofning  acid  in  reaction,  and  the 
variation  in  the  sodium  bicarbonate  content  of  the  solutions  is  much 
greater. 

An  accurate  study  of  this  equilibrium  is  now  being  pursued  in  this 
laboratory ;  with  the  aid  of  the  results  to  be  gathered  in  the  course  of 
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this  investigation  it  is  hoped  that  the  conditions  of  equilibrium  in 
solutions  made  up  of  sodium  hydrate,  phosphoric  acid,  and  carbonic 
acid  at  a  temperature  of  40°  will  be  accurately  established. 
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We  are  greatly  indebted  to  the  Proctor  Fund  for  aid  in  this 
investigation. 

Summary. 

It  is  shown  that  in  the  presence  of  both  free  and  combined  car- 
bonic acid  at  20"  mono-  and  di-sodium  phosphates  can  exist  only  in 
molecular  proportions  varying  between  i :  9  and  5 :  5  approximately. 
All  such  solutions  are  precisely  neutral,  of  hydrogen  ionization 
I  X  io~'  nearly,  according  to  the  method  of  Salm,  and  according  to 
Salm's  determinations  of  the  hydrogen  ionization  of  phosphate  solu- 
tions the  hydrogen  or  hydroxy!  ionization  in  mixtures  of  mono-  and 
di-sodium  phosphates  in  such  proportions  cannot  vary  more  than 
about  5   X   lo"''. 

Accordingly  protoplasm  is  extraordinarily  safeguarded,  by  the 
presence  of  phosphates  and  carbonates  in  considerable  amount,  from 
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variation  in  hydrogen  or  hydroxy!  ionization.  This  can  hardly  amount 
to  more  than  five  parts  in  ten  hillion  parts  of  protoplasm.  The 
CKCurrence  of  alkalinity  is  absolutely  prevented  by  the  presence  of 
free  carbonic  acid,  and  the  system  can  neutralize  relatively  enormous 
quantities  of  acid  without  losing  its  precise  neutrality- 
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THE  MECHANISM  OF  EXPERIMENTAL  GLYCOSURIA. 
Bv  HUGH    McGUlGAN   and  CLYDE  BROOKS. 

[Froni  tit  Pkysinlogical  Laiaraiory,  WaihiHgton   UnivtriUy,  and  fhi  Hull  PAytielegical 
Laieratvry,  Unnitrtily  of  Ciicagu-] 

THE  glycosuria  caused  by  lesions  ot  the  nervous  system,  de- 
creased ability  of  the  body  to  consume  sugar,  an  increased 
production  of  sugar  in  the  body,  extirpation  of  the  pancreas,  the  in- 
troduction of  drugs,  salts,  or  sugar,  by  anesthetics,  asphyxia,  or  other 
means,  is  not  generally  believed  to  have  the  same  mechanism.  It  is 
thought  by  some  that  the  mechanism  may  differ  not  only  with  different 
means  of  production,  but  also  with  the  same  drug  when  administered 
by  different  methods.  We  believe  that  the  mechanism  is  essentially 
the  same  in  each  case. 

Brown,'  in  1903,  showed  that  the  glycosuria  produced  by  the  in* 
travenous  injection  of  sodium  chloride  could  be  inhibited  by  the 
intravenous  injection  of  a  small  amount  of  calcium  chloride.  This 
work  was  corroborated  by  Fischer'  and  by  McCallum,*  Fischer  ob- 
served that  when  sodium  salts  were  injected  directly  into  the  arte- 
rial system  the  glycosuria  was  greater  and  more  quickly  recognized 
than  when  the  injection  was  made  into  the  venous  system.  From 
this  he  concluded  that  there  were  two  factors  involved  in  the  mech- 
anism: one,  the  action  on  the  kidney  by  which  the  diuresis  was 
induced;  second,  an  influence  on  the  diabetic  centre  in  the  bulb 
which  caused  the  glycosuria.  He  believes  that  while  the  factors  in- 
volved in  the  production  of  diabetes  differ,  the  type  is  the  same. 
Underbill  and  Closson*  think  that  the  deductions  of  Fischer  are 
drawn  from  insufficient  evidence.  From  a  study  of  the  sugar  content 
of  the  blood  they  believe  that  the  mechanism  differs,  depending  upon 
whether  the  salt  is  introduced  into  the  artery  (axillary)  or  into  the  vein 
'  Brown  ;  This  journal,  1904,  x,  p.  378. 

*  Fischer  ;   Archiv  ftir  die  gesammte  Physiologic,  190J,  ctx,  p,  I. 

»  McCallum  :  University  of  California  Publications,  1904,  cvi,  p.  80. 

*  Un'i>erhill  and  Closson:  This  journal, ,1906,  xv,  p.  321. 
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(femoral)-  When  injected  into  the  vein,  they  think  there  is  a  prob- 
able increase  in  the  permeability  of  the  kidney,  with  polyuria  and 
hypoglycaemia.  When  the  injection  is  made  into  the  artery,  there  is 
hyperglycaemia,  but  no  polyuria.  The  increased  sugar  content  of  the 
blood  they  think  may  be  referred  to  respiratory  changes  provoked  by 
the  introduction  of  the  salt. 

Brown,  Fischer,  McCallum,  Underbill  and  Closson  all  give  defi- 
nite results  to  prove  that  calcium  chloride  has  a  marked  influence  in 
inhibiting  glycosuria.  Sollmann  >  has  shown  that  calcium  chloride  will 
decrease  the  permeability  of  both  the  living  and  the  dead  kidney. 
Aside  from  these  statements,  no  adequate  explanation  or  theory  of 
bow  calcium  chloride  inhibits  glycosuria  has  been  given. 

It  seems  to  us  that  a  study  of  the  physiological  and  chemical  prop- 
erties of  the  calcium  salt  offers  a  clue  to  the  explanation  of  the  mech- 
anism. All  the  authors  quoted  agree  that  calcium  salts  will  inhibit 
glycosuria.  We  have  been  able  to  confirm  this  result.  There  are 
several  methods  by  which  the  inhibition  may  take  place.  The  most 
probable  are:  (l)  preventing  an  excessive  sugar  formation ;  (2)  ren- 
dering the  kidney  impermeable  to  sugar;  (3)  forming  a  compound 
with  the  glycogen  or  sugar  and  so  preventing  the  elimination  of  sugar 
by  the  kidneys;  {4)  stimulating  the  body  to  a  greater  consumption 
of  sugar.' 

The  glycogen  of  the  liver,  in  all  probability,  exists  in  loose  combina- 
tion with  colloid  as  proteid-glycogen.  There  is  evidence  that  the 
sugar  of  the  blood  also  exists  in  combination,  as  will  be  shown  later. 
In  ordinary  metabolism  the  liberation  of  the  glycogen  may  be  repre- 
sented' by  the  formula : 

Proteid-glycogen  ll^  glycogen  ^z^  glucose. 

When  salts  causing  glycosuria  are  injected,  it  is  conceivable  that 
the  reaction  is  hastened,  and  using  sodium  sulphate  as  a  type  we  get : 

Proteid-sulphate  — *  glycogen  — >  glucose. 

The  action  of  the  salt  then  is  to  increase  the  liberation  of  the  gly- 
cogen, which  is  rapidly  hydrolyzed  to  sugar  with  glycosuria  as  a 
result.  The  injection  of  the  salt  may  also  cause  a  simultaneous 
decrease  in  the  oxidative  energy  of  the  organism,  both  factors  leading 

'  Sollmann:  This  journal,  1906,  xv,  p.  324.    Ibid,  1905.  xiii,  p.  782. 
'  Suggestion  of  Professor  A.  I'.  Matfiews. 
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to  hyperglycsemia;  but  decrease  in  oxidation  is  not  necessary  for 
such,  a  condition.  So  far  we  have  been  unable  to  demonstrate  a  de- 
crease in  the  oxidative  energy  of  the  tissues  of  dogs  that  were  highly 
glycosuric.  Neither  is  hyperglycEcmia  necessary  in  the  production 
of  glycosuria,  although  it  is  usually  found  when  glycosuria  is  demon- 
strable. In  all  the  cases  examined  by  us  we  found  an  increase  in 
the  sugar  content  of  the  blood.  The  real  essential  for  glycosuria, 
however,  is  the  presence  of  uncombined  sugar  in  the  blood.  When 
this  is  present  even  in  minute  quantities,  sugar  passes  into  the  urine. 
This  may  be  easily  and  quickly  shown  if  an  injection  of  sugar  solution 
is  made  into  the  renal  artery.  When  this  is  done,  sugar  appears  in 
the  corresponding  ureter  before  it  appears  in  the  other ;  but  not  all  the 
sugar  injected  is  excreted.  This  is  in  part  due  to  the  fact  that  the' 
proteid  of  the  blood,  as  a  rule,  retains  the  power  to  hold  more  sugar  in 
combination  than  the  amount  that  is  normally  found  in  it  Any  salt 
that  breaks  down  the  proteid-glycogen  compound  will  cause  an  increase 
in  the  sugar  of  the  blood,  and  glycosuria.  On  the  other  hand,  any- 
thing that  prevents  the  breaking  down  of  the  compound,  or  that  com- 
bines with  glycogen  and  so  renders  its  conversion  into  sugar  less 
rapid,  or  anything  that  will  combine  with  free  sugar  in  the  blood,  will 
decrease  or  stop  the  elimination  of  sugar.  Anything  that  will  render 
the  kidney  less  permeable  may  hinder  somewhat  the  elimination  of 
sugar,  but  the  permeability  of  the  kidney  is  of  small  import  in  the 
mechanism  of  experimental  glycosuria,  as  will  be  shown  in  this  paper. 
Calcium  and  some  other  salts  combine  with  glycogen  to  form  a 
compound  CaCijHigO^o.  This  compound  is  broken  down  by  NajSOj, 
NaCl, NHjCi,  COa,  or  even  water;  in  fact,  by  any  of  the  salts  ordina- 
rily used  to  produce  glycosuria.  The  fact  that  COj  will  break  down 
the  glycogen  compound  will  explain  the  glycosuria  of  asphyxia.  The 
mechanism  will  also  explain  the  results  of  Fischer  and  Underbill 
with  sodium  chloride.  If  the  salt  acts  only  on  the  proteid-glycogen 
compound  without  interfering  with  the  respiration,  less  sugar  will  be 
formed  than  if  the  respiratory  centre  is  also  involved.  If  the  centre 
is  involved,  we  have  the  added  effect  of  NaCl  plus  the  effect  of 
CO^-  This  is  more  likely  to  be  the  case  if  the  injection  is  made  close 
to  the  respiratory  centre.  Calcium  chloride  will  inhibit  sugar  forma- 
tion, either  by  forming  the  compound  CaC^aHi^Oio,  or  since  calcium 
also  combines  with  proteid  it  will  more  probably  form  a  compound 

with    both    proteid     and    glycogen,    Ca^^f"  Neilson    and 
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Terryi  found  that  CaCl,  in  certain  concentration  will  inhibit  the 
transformation  of  glycogen  into  sugar.  They  call  attention  to  this 
fact  as  agreeing  with  the  action  of  calcium  salts  in  experimental  gly- 
cosuria. In  rather  large  quantities  calcium  salts  do  inhibit  glycolysis. 
We  find,  however,  that  the  small  quantity  that  is  ordinarily  used  to 
inhibit  glycosuria  will  hasten  rather  than  retard  the  action  of  ptyalin 
on  either  starch  or  glycogen.  A  larger  amount  will  inhibit  the  action 
of  ptyalin,  but  the  concentration  is  more  than  is  used  to  inhibit  gly- 
cosuria. The  mechanism,  therefore,  of  the  action  of  calcium  in  the 
inhibition  of  glycosuria  is  not  due  to  its  action  on  the  diastatic  en- 
zymes. The  more  probable  action  is  in  retarding  the  elimination  of 
glycogen  from  its  compounds.  This  retardation  is  due  to  the  affinity 
of  calcium  for  glycogen  and  proteid.  Calcium  very  probably  com- 
bines also  with  free  sugar  tn  the  same  manner  as  it  does  with  glyco- 
gen. Our  experiments  show  that  the  excretion  of  sugar  after  the 
intravenous  injection  of  calcium  is  less  than  if  no  calcium  had  been 
added,  while  the  permeability  of  the  kidney  for  sugar  is  unchanged. 


Experiments. 

There  is  little  to  be  gained  by  the  determination  of  the  amount  of 
sugar  in  the  blood.  Most  observers  agree  that  there  is  an  increase 
in  the  quantity.  Hyperglyc^emia,  however,  is  not  necessary  for 
glycosuria.  In  the  blood  of  several  dogs  which  we  examined  we 
found  an  average  of  3.1  parts  reducing  sugar  per  looo  blood.  If  we 
assume  that  the  formation  of  sugar  takes  place  according  to  the 
formula 

Proteid-glycogen  ^  glycogen  ^  glucose, 

the  questions  to  be  answered  are:  I.  Does  the  glycosuria-producing 
salt  act  principally  on  the  proteid-glycogen  compound,  liberating 
glycogen,  or  is  its  action  of  more  importance  in  hastening  the  c 
sion  of  glycogen  into  glucose?  2.  In  the  inhibition  of  glyc( 
docs  the  calcium  chloride  prevent  the  breaking  of  the  proteid- 
glycogen  compound,  or  does  it  inhibit  the  formation  of  glucose  from 
the  glycogen  already  free?  3.  Is  the  action  of  calcium  of  roost  impor- 
tance in  decreasing  the  permeability  of  the  kidney  ? 

On  hydrolysis  glycogen  yields  a  series  of  dextrins  and  maltose,  as 
does  starch.     Either  starch   or  dextrin,  therefore,  may  be  used  to 
'  Neilson  and  Terry:  This  journal,  190s.  xiv,  p.  105. 
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determine  the  action  of  sodium  sulphate  or  calcium  chloride  on  the 
diastatic  enzymes. 

Methods. 

A  I  per  cent  starch  paste  was  prepared  by  boiling  i  gm.  of 
starch  in  water  and  making  the  volume  loo  c.c.  Saliva  was  col- 
lected, diluted  one-half  with  water  and  filtered.  The  digestion  was 
done  in  test  tubes.  In  each  case  5  c.c.  of  the  starch  paste  was  used. 
A  known  volume  of  the  salt  to  be  tested  was  added  with  water  to 
make  the  volume  9  c.c,  in  each  case ;  then  i  c.c.  of  the  saliva  was 
added,  making  the  final  volume  10  c.c.  The  time  when  digestion 
was  complete  was  shown  by  the  negative  test  with  iodine.  In  cases 
where  digestion  was  stopped  before  completion,  the  amount  of  sugar 
formed  was  estimated  with  Fehling's  solution,  using  the  starch  iodine 
indicator  as  per  method  given  in  Sutton's  Volumetric  Analysis.  The 
following  table  shows  the  results  with  sodium  sulphate: 


ijSO,  % 

Volu 

ne  of  Fehling*. 

aolulion  reduced. 

cc 

0.3 

6.2 

0.5 

6.4 

2.0 

6.3 

4.0 

6.6 

i.ogm. 

solid 

5-8 

control 

6.0 

The  digestion  was  continued  for  five  minutes  at  room  temperature 
(23"  C).  The  action  of  the  ferment  was  stopped  by  boiling  in  water. 
The  titrations  as  given  in  the  table  are  in  harmony  with  others  found, 
and  can  be  taken  as  average  results.  They  show  that  moderate  or 
even  large  quantities  of  sodium  sulphate  accelerate  the  action  of 
ptyalin  on  starch.  The  amount  of  acceleration  varies  with  the 
amount  of  the  salt  used.  Nasse'  found  a  maximum  acceleration 
when  the  concentration  of  the  salt  was  about  4  per  cent.  The  accel- 
eration/»^rjc  is  probably  not  the  cause  of  the  glycosuria,  as  will  be 
shown  below. 

Aotlon  of  oaloitim  ohloilde  on  the  dlastatlo  eazymaa.  —  Starch 
was  taken  in  the  same  amounts  as  before,  and  calcium  chloride  used 
instead  of  sodium  sulphate. 

'  Nasse  :  Archiv  fur  die  gesammte  Physiologic,  1875,  xi,  p.  155. 
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control 


Duplicates  gave  concordant  results. 

The  action  of  calcium  on  a  i  per  cent  glycogen  solution  was  deter- 
mined in  the  same  manner,  using  the  following  concentrations  of  the 
calcium  salt : 

,,  f.   _  Volume  of  Fehling's 

^""H  t  solution  reduced. 


The  digestion  in  the  first  series  was  continued  for  five  minutes,  in 
the  second  series  four  minutes.  Before  titration  the  calcium  was 
removed  with  sodium  carbonate.  Other  trials  gave  similar  results. 
It  is  seen  from  these  that  small  amounts  of  calcium  hasten,  while 
larger  amounts  retard,  digestion.  It  can  hardly  be  said,  however,  that 
calcium  chloride,  in  inhibiting  glycosuria,  does  so  by  checking  glycol- 
ysis, as  the  amount  that  will  inhibit  glycosuria  will  hasten  glycolysis. 
The  concentration  used  to  inhibit  glycosuria  is  about  25  c.c.  of  |  Mol. 
made  to  1000  c.c.  with  0.9  per  cent  sodium  chloride  solution.  Some 
other  mechanism  than  the  action  on  ferments  must  explain  the  action. 
Further,  mixtures  of  calcium  chloride  and  sodium  sulphate  will  cause 
a  more  rapid  digestion  than  will  either  salt  by  itself.  This  also  speaks 
against  the  theory  that  the  action  of  calcium  is  on  the  enzymes. 
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The  pathology  of  experimental  glycosuria  is  more  probaWydntn 
changes  m  the  protoplasmic  activity  of  the  cell.  Proteid  by  itieK 
without  the  co-operation  of  ferments,  has  a  marked  inilnciitt  <• 
diastalic  action. 

lofluenct  of  .Ibnm.n  on  tHa  dliaUon  o!  sljoofen.  —  If  the  calcim- 
proteid-glycogen  comppund  is  broken  down,  we  may  ask  .to 
action  the  products  would  have  on  the  formation  of  sugar  from  glyco- 
gen. As  seen  above,  small  amounts  of  calcium  have  an  acceieraling 
effect  on  the  formation  of  sugar.  A  larger  quantity  has  a  retardins 
action.  To  test  the  action  of  proteid  on  glycolysis,  egg  white  and 
blood  serum  were  used.  Egg  white  was  mined  with  an  equal  qianlil, 
of  I  per  cent  glycogen  solution.  The  action  of  saliva  on  this  sotaio. 
was  compared  with  its  action  on  a  one-half  per  cent  pure  glycogen 
solution  of  equal  volume.  After  digestion  had  proceeded  for  a  detnin 
time,  the  action  of  the  ferment  was  stopped  by  heating.  The  proteid 
was  removed  by  basic  lead  acetate,  and  the  ejcess  of  lead  by  sodium 
sulphate.  The  amount  of  sugar  was  determined  by  titration  mil  I 
Fehling's  solution.  In  every  case  the  solution  which  had  cootaiooi 
the  albumen  showed  a  greater  amount  of  sugar  than  the  other.  Foi  | 
example,  after  digestion  had  proceeded  for  three  minutes  lo  c.c  ol  , 
each  solution  gave  the  following  titration  :  ! 

lo  c.c.  proteid-glycogen  solution  reduced  3.0  c.c.  Fehling's  solution.  I 

10  cc.  glycogen       "  "        ,.2  c.c.        " 

After  digestion  for  live  minutes—  ' 

10  cc.  proteid-glycogen  solution  reduced  4.5  c.c.  Fehling's  solution.  I 

■occ.  glycogen       "  "        3.0  c.c        "  "  , 

All  of  the  proteid  was  removed.    So  the  difference  was  not  due  to 
the  reducing  property  of  the  proteid.     The  small  reducing  substance     ' 
ot  the  egg  white  can  also  be  neglected.     Serum  gave  similar  resiilu. 

Other  observers  have  obtained  similar  results.i 

Similar  results  were  obtained  when  starch  was  used  instead  of 
glycogen.  Proteids  are  thus  seen  to  have  an  accelerating  actio, 
on  sugar  formation.  This  action  may  be  of  the  utmost  impotUact 
in  explaining  the  mechanism  of  glycosuria.  Chemical  changes  in  flit 
cell  protoplasm  which  neither  injure  the  vitality  of  the  enzymes  no. 

o»  aTsl™' Hfj" '  -"""f '  ""  P''""'<>CT.  188=.  iv,  pis.      AUo  CnW 
■906,  p.  292.        """""""K's  Text  book  of  physiological  chemistry  (Ma.vdilI 
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change  the  permeability  of  the  kidney,  may  be  sufficient  to  explain 
the  inability  of  the  body  to  utilize  sugar,  and  may  also  explain  the 
mechanism  of  glycosuria.  The  presence  of  proteid  also  lessens  the 
influence  of  calcium  on  enzymes,  and  sustains  the  claim  that  the  action 
of  calcium  in  glycosuria  is  not  due  to  its  action  on  enzymes. 
.  The  Imflaenoe  of  proteid  on  calclimi  in  sallTary  digeatlon.  —  To 
determine  this  action  a  i  per  cent  starch  paste  was  prepared  as 
above.  To  a  series  of  tubes  containing  5  c.c.  starch  solution,  5  c.c.  of 
distilled  water  was  added.  In  a  parallel  series  instead  of  water  5  c.c. 
of  egg  white  was  added.  All  were  made  to  the  same  volume,  and  \  c.c. 
of  filtered  saliva  added.  After  digesting  for  five  minutes  at  room 
temperature,  the  contents  of  the  tubes  were  heated  in  boiling  water 
to  destroy  the  enzyme.  The  proteid  and  calcium  was  removed  as 
above,  and  after  removal  of  the  excess  of  lead,  titrated  with  Fehling's 
solution.  Each  set  of  tubes  contained  the  following  amounts  of 
calcium  chloride: 

Amount  of  Fehling'a  solution  reduced  by  10  cc.  of 
K^  „f  ,..k.  -■  r,ri  Starch  Proieid  starch 


From  this  it  is  seen  that  proteid  protects  the  ptyalin  from  the  action 
of  calcium.  Any  concentration  of  calcium  that  has  an  inhibiting 
influence  on  starch  paste  alone,  in  the  presence  of  proteid  has  an 
accelerating  effect.  The  amount  of  calcium  necessary  to  inhibit 
glycosuria  is  thus  rendered  inert  by  the  proteid  so  far  as  inhibition 
of  the  enzyme  is  concerned.  Any  action  on  the  diastatic  enzymes, 
under  these  conditions,  must  be  of  an  accelerating  character.  Its 
action  therefore  in  glycosuria  must  be  due  to  the  compounds  which 
it  forms  with  glycogen  and  proteid.  There  is  a  probability  also  that 
calcium  combines  with  free  sugar  to  form  a  calcium-proteid  glucosate. 
The  results  of  the  intravenous  injection  render  this  opinion  tenable, 
for  when  sugar  is  injected  intravenously  its  excretion  in  the  urine  is 
lessened  by  the  injection  of  calcium.  If,  however,  after  the  sugar 
has  disappeared  from  the  urine,  a  small  quantity  of  sugar  be  injected 
into  the  renal  artery,  sugar  can  be  demonstrated  in  the  corresponding 
ureter  with  the  first  urine  collected.     However,  alt  of  the  sugar 
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injected  will  not  be  eliminated.  This  shows  that  the  normal  blood 
has  power  to  combine  with  some  of  the  free  sugar,  and  that  the 
calcium  salts  apparently  aid  this  process.'  While  the  sugar  is  in 
the  free  state  it  easily  and  rapidly  passes  through  the  kidney.  But 
the  action  of  the  calcium  in  preventing  the  elimination  is  not  b;) 
changing  the  permeability  of  the  kidney. 

luflnuioa  of  oaloinm  on  the  penn«tibllit7  of  the  kidney.  — CatdUIS 
chloride  solutions  injected  intravenously  decrease  the  flow  of  urine, 
and  to  that  extent  the  permeability  of  the  kidney  is  decreased.  If 
sugar  solution  be  now  injected,  its  passage  into  the  urine  is  appar- 
ently little  changed.  The  following  preliminary  experiments  bear 
out  this  assertion. 

Exptrimmt  1.  —  D(^.  Female.  Weight  4.5  kilos.  Ether  anaesthesia.  In 
twenty  minutes  40  c.c.  ^  CaCl,  was  run  into  the  jugular  veiD.  A  d^ 
crease  in  the  flow  of  urine  followed.  A  sugar  solution  ( 1  o  c.c.  a  per  eeal 
dextrose)  was  injected  into  the  renal  artery.  The  urine  was  flowing  al  the 
rate  of  i  c.c.  every  five  minutes  and  did  not  contain  sugar,  .\iier 
injection  of  the  sugar  solution,  when  i  cc.  of  urine  had  run  from  the 
ureters,  sugar  was  easily  demonstrable  in  it. 

It  may  be  claimed  that  the  amount  of  calcium  chloride  used  was 
not  sufficient  to  block  the  filtration  of  sugar  through  the  kidney,  and 
that  if  more  had  been  used  no  sugar  would  have  appeared.  The 
amount  used,  however,  was  sufficient  to  cause  a  much  smaller  flow 
of  urine,  and  as  no  glycosuric  salt  had  been  added,  the  action  of 
the  calcium  was  not  lessened  in  that  way.  The  next  experiment 
precludes  such  objections. 

Experiment  S.  —  Rabbit.    Weight  a  100  gm.    Urethane  anfesthcsia. 
Urine.  Remarks. 


::n 


injected. 

45  0.9%  NaCl.  6.0  No  sugar. 

35  ]  5.0  No  sugar. 


40  cc  ^  CaCI, 
1    260    cc. 
,9%  NaCl. 
40  I 
I  J. 18 

'  LOEWi  (Archiv  fiir  ;experiinental  Palhologie  und  Pharmacologic,  1903.  il™. 
p.  410)  assumes  that  the  sugar  of  the  blood  is  normally  in  loose  combination  witb 
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1%   dextrose  in 
0.9%  NaCI. 


o  C.C.  I*  CaCl,  Sugar,  large  amount 

to     260     C.C.  ^  7,        ,°         „ 

0.9%  NaCI.  "■° 


9  12    "     "  S-o  Trace  sugar. 

.4  10    "     "  i-o 

14  20    "    "  7-0  No  sugar. 

2  50    "    "  lo.o  (squeezed  from  bladder  —  no  sugar) 

5  10  1%  dextrose  ii>  0.9%  NaCI. 

6  sugar  in  the  urine  in  large  quantity. 

All  these  solutions  were  run  gradually  into  the  jugular  vein  between 
the  periods  of  time  indicated.  The  very  large  amount  of  calcium 
chloride  failed  to  stop  the  passage  of  sugar  into  the  urine  whenever 
sugar  was  present  uncombined  in  the  blood.  The  permeability  of  the 
kidney,  therefore,  is  of  small  import  in  the  mechanism  of  glycosuria. 
Similar  results  have  been  obtained  on  dogs,  but  so  far  we  have  not 
used  as  much  calcium  chloride  per  kilo  as  we  have  with  the  rabbits. 


Summary, 

1,  Experimental  glycosuria  is  not  due  to  increased  ferment  activity. 

2.  Froteids  of  all  kinds  accelerate  the  formation  of  sugar  by  the 
action  of  plyalin. 

5.  If  sugar  is  free  in  the  blood,  it  passes  into  the  urine  readily. 
The  normal  sugar  of  the  blood  therefore  must  be  in  combination  with 
a  large  molecule  which  prevents  its  passage  through  the  kidney 
epithelium,  or  else  the  kidney  epithelium  has  no  selective  action  for 
this  compound, 

4.  Calcium  chloride  will  not  prevent  the  passage  of  sugar  through 
the  kidney  epithelium  whenever  free  sugar  exists  in  the  blood. 

S-  The  permeability  of  the  kidney  is  of  small  import  in  the  mech- 
anism of  experimental  glycosuria. 

6.  The  pathology  of  experimental  glycosuria  is  very  probably  due 
to  changes  in  the  protoplasmic  activity  of  the  cell  and  is  not  related 
to  ferment  activity. 
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7.  The  probable  mechanism  of  experimental  glycosuria  is  an 
abnormal  breaking  down  of  pro  te  id -glycogen  compound.  All  salts 
that  decompose  this  compound  will  cause  glycosuria.  Calcium  chloride 
prevents  the  decomposition  of  this  compound  by  the  formation  of  a 

more  stable  compound,  probably  C^No^yroeen 
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THE  CAUSE  OF  THE  TREPPE. 
Bv  FREDERIC  S.   LEE. 

{From  Iht  Deptrtment  ef  PhysielB^  of  Columbia  UnivtriUy,  at  the  Calltgt  of  Fhysicians  ami 
Surgtoni,  Nne  Yerk^ 

IT  happens  occasionally,  even  in  an  actively  progressing  science, 
when   investigators  are   keenly  watching   every    new  discovery, 
ready  to  test  it,  explain  it,  and  correlate  it  with  other  facts,  that 
a  phenomenon  may  be  quoted  for  years,  may  be  universally  acknowl- 
edged to  be  striking,  interesting,  and  im,portant,  and  yet  without  fall- 
ing into  oblivion  may  quite  fail  to  receive  the  attention  that  is  due 
it  from  investigators.    Such  a  phenomenon  is  the  "treppe"  or  "stair- 
case."    In    its  literal   sense   this   term   signifies   the  fact  that   the 
repeated  responses  of  a  tissue  to  repeated  and  equal  stimuli  increase 
for  a  time  in  intensity.     In  a  more  general  sense  the  phenomenon 
may  be  characterized  as  augmentation  of  activity  resulting  from  pre- 
vious activity.     Tha^  this  general  fact  is   true   of   skeletal  muscle 
seems    to  have   been   recognized   at  about   the   middle   of   the   last 
century,  for  Ranke,  writing  in   1865,  says:  "Every  one  knows  that 
the  Brst  twitch  of  a  muscle  is  not  its  greatest.     With  stimuli  uniform 
in  strength  the  later  contractions  are  stronger  than  the  earlier  ones 
—  a  phenomenon,  the  reason  for  which  has  heretofore  been  wholly 
obscure."     So,  too,  in  1866  Marey  called  attention  to  the  fact   that 
in  continued  activity  the  height  of  the  muscle  curve  at  first  increases, 
and  then  decreases.     But  to  Bowditch  is  rightly  given  the  credit  for 
having  first  placed  the  phenomenon  clearly  before  physiologists,  for 
while  studying  in  Ludwig's   laboratory  in   1871   the  cardiac  muscle 
of   the  frog,  he  found  increased    response  to  successive  and   equal 
stimuli  so  striking  a  characteristic  of  that  muscle  that  he  gave  much 
time   to  its  investigation,  and   moreover   dignified   it   by  the  name 
"treppe" — by  which  it  has  ever  since  been  known.     Since   Bow- 
ditch's  work   the  treppe  has  been  a  recognized    physiological   phe- 
nomenon, and  yet  it  has  been  investigated  comparatively  little.     In 
267 
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1875  Tiegel  found  it  in  the  frog's  skeletal  muscle;  in  1877  Rossbach 
and  Harteneck  in  the  skeletal  muscle  of  various  mammals  ;  in  the 
same  year  Romanes  in  the  contractile  tissue  of  the  bell  of  the 
medusa.  In  1878,  in  his  experiments  on  the  tetanus  of  frog's  skele- 
■  tal  muscle,  Minot  gave  considerable  attention  to  the  treppe.  In 
1879  Sewall,  in  an  article  entitled  "  On  the  Effects  of  Two  Succeeding 
Stimuli  upon  Muscular  Contraction,"  published  an  account  of  ingen- 
ious and  clean-cut  experiments,  performed  on  the  skeletal  muscle 
of  the  frog  with  the  aid  of  the  pendulum  myograph,  many  of  which 
deal  with  augmentation  of  contraction.  In  1880  Tigerstcdt  observed 
it  in  the  contractions  of  a  skeletal  muscle  when  the  nerve  was  stimu- 
lated mechanically,  but  he  ascribed  it  to  the  nerve.  In  1886,  under 
von  Frey's  direction  in  Ludwig's  laboratory,  Buckmaster  discovered 
an  interesting  parallelism  between  the  treppe  and  tetanus.  Waller 
(1897)  found  the  treppe  exhibited  in  frog's  nerve  when  the  electrical 
effect  of  excitation  was  studied.  Stirling  (1874)  and  Sherrington 
(1900)  have  pointed  it  out  in  the  central  nervous  system  of  the  frog 
and  the  dog  respectively.  These  various  investigators  have  con- 
tributed many  interesting  facts  regarding  the  physical  features  of  the 
phenomenon,  such  as  its  intensity  and  duration,  its  relations  to  the 
circulating  blood  and  to  the  kind,  intensity,  rate,  and  direction  of 
application  of  the  stimulus,  and  its  modifications  by  drugs,  fatigue, 
and  rest.  But  its  cause  has  remained  obscure,  and  few  endeavors 
have  been  made  experimentally  to  explain  it.  Ranke  did  indeed 
ascribe  it  to  the  action  of  minute  quantities  of  acid,  especially  lactic 
acid,  on  the  nervous  system ;  Sewall,  to  an  alteration  of  the  elasticity 
of  the  muscle;  and  Tigerstedt,  to  an  alteration  of  the  elasticity  of 
the  nerve  supplying  the  muscle.  I  find  also  that  Waller  has  ascribed 
to  carbon  dioxide  both  the  staircase  which  he  observes  in  the  elec- 
trical response  of  nerve  to  excitation  and  the  staircase  of  muscle. 
But  most  investigators  have  been  content  to  refer  the  treppe  to  an 
increased  irritability  of  the  acting  tissue,  caused  by  activity,  and,  fol- 
lowing their  lead,  the  writers  of  text-books  have  taken  refuge  in  the 
same  shibboleth.  It  may  be  allowed  that  increased  irritability  is 
present,  but  when  we  try  to  analyze  the  term  "  irritability,"  wc  find 
that,  however  convenient,  it  offers  only  a  shallow  and  unsatisfactory 
refuge.  We  can,  I  think,  develop  the  idea  of  causation  somewhat 
further. 

In  searching  for  causes    two  possibilities  at  once  present   them- 
selves:   namely,    that    the   acting    tissue    is   benefited   either  from 


Digitized  by  Google 


Tlie  Cause  of  the   Treppe.  269 

chemical  substances  which  are  formed  within  it  during  katabolism, 
or  from  the  heat  that  is  at  the  same  time  disengaged.  From  what 
is  known  of  the  influence  of  external  heat  in  increasing  the  activity 
of  muscular  and  nervous  tissues,  the  latter  possibility  seems  not 
unreasonable,  and  while  as  yet  I  know  of  no  decisive  experiments 
in  this  direction,  I  am  not  prepared  to  deny  to  the  heat  of  metabo- 
lism a  rdle  in  the  causation  of  the  phenomenon.  The  first  mentioned 
possibility,  however,  appears  at  first  sight  less  plausible,  from  the 
widespread  biological  law  that  the  products  of  metabolic  activity 
are  detrimental,  rather  than  beneficial,  to  the  protoplasm  in  which 
they  are  formed.  Especially  has  this  been  supposed  to  be  true  of 
muscle,  the  tissue  in  which  the  treppe  is  best  known,  and  where 
the  depressing  action  of  the  katabolic  or  fatigue  products  was  pointed 
out  by  Ranke  long  ago.  But  the  universality  of  this  law  has  been 
refuted  by  many  recently  accumulated  facts,  and  it  is  in  these  very 
fatigue  products  that  I  believe  that  I  have  found  the  long-desired 
solution  of  the  problem. 

There  is  a  very  general  consensus  of  opinion,  based  originally 
upon  the  work  of  Ranke,  and  supported  by  many  later  investigations, 
that  the  normal  fatigue  substances  are  at  least  three  in  number, 
namely,  carbon  dioxide,  mono-potassium  phosphate  (KH^PO^),  and 
paralactic  acid.  We  can  probably  accept  this  opinion  as  substan- 
tially correct  in  so  far  as  it  goes,  although  there  is  great  need  of 
a  detailed  investigation  of  muscular  metabolism.  It  is  doubtful 
whether  all  the  normal  fatigue  substances  have  yet  been  recognized. 
Intermediate  me^bolic  products  may  yet  be  found  to  play  a  much 
greater  rdle  in  altering  irritability  than  has  heretofore  been  suspected. 
The  discovery  of  a  supposed  fatigue  toxin  by  Weichardt  is  still  to  be 
confirmed.  For  the  present,  however,  I  have  accepted  the  three 
classic  fatigue  substances,  and  have  been  endeavoring  to  fill  a  gap 
in  our  knowledge  by  a  careful  study  of  their  physiological  action 
on  skeletal  muscle  and  their  r6le  in  the  production  of  fatigue. 

I  find  that  they  act  in  ways  essentially  identical.  Such  action 
is,  however,  of  two  directly  opposite  modes,  the  appearance  of  the 
one  or  the  other  mode  being  dependent  upon  the  quantity  of  the 
substance  that  is  used  and  the  duration  of  its  activity.  If  used 
in  what  we  may  term  moderate  quantity,  or  in  smaller  quantity  over 
a  longer  time,  each  substance  is  distinctly  fatiguing,  its  action  being 
characterized  by  a  decrease  in  the  irritability  and  the  working  power 
of  the  muscle,  a  lessened  height  to  which  the  load  is  lifted,  a  decrease 
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in  the  total  amount  of  work  that  is  performed,  and  by  other  phe- 
nomena. I  have  discussed  these  results  briefly  in  various  prelimi- 
nary papers,  and  am  now  preparing  a  more  detailed  account  of 
them.  The  opposite  action  of  the  same  substances  is  seen  when 
they  are  employed  in  small  quantity  or  in  moderate  quantity  for 
a  brief  time.  Instead  of  a  dimirtution  o{  activity,  there  is  an  augmen- 
tation, which  is  characterized  by  an  increase  in  irritability  and  work- 
ing power,  an  increase  in  the  height  to  which  the  load  is  lifted,  and 
an  increase  in  the  total  amount  of  work  performed  —  phenomena 
which  are  distinctive  characteristics  of  the  treppe.  In  the  present 
paper  I  propose  to  deal  only  with  this  augmenting  action  of  the 
substances  in  question. 

Method. 

My  experiments  were  performed  between  the  months  of  October 
and  June  inclusive.  Both  frogs  and  cats  were  employed.  Before  the 
preparation  of  the  muscle  the  former  were  killed  by  pithing;  the 
latter  either  were  killed  at  once  by  decapitation,  or  were  kept  under 
the  influence  of  ether  throughout  the  experiment,  and  subsequently 
were  killed  without  recovery.  When  ether  was  employed,  it  was 
found  necessary  to  use  great  care  in  keeping  the  anesthesia  uniform. 
A  sudden  increase  in  the  amount  of  the  ether  respired  causes  a  fall 
in  the  height  of  the  muscle  curves.  The  special  muscles  that  were 
selected  for  study  are  the  gastrocnemius  and  various  other  muscles  of 
the  frog,  and  the  extensor  longus  digitorum  and  th^  tibialis  anticus  of 
the  cat. 

In  some  of  the  experiments  with  cats  the  muscle  was  left  in  si/tt 
with  intact  circulation  ;  its  two  ends  were  exposed  ;  and  it  was  stim- 
ulated directly  at  regular  intervals  by  break  induction  shocks,  the 
resulting  contractions  being  recorded  graphically.  While  the  record 
was  in  piogress,  the  fatigue  substance  that  was  to  be  studied  was 
added  to  the  circulating  blood,  and  its  eflfect  was  manifested  on  the 
tracing. 

In  other  experiments,  instead  of  niaintaining  the  normal  circulation, 
the  animal  was  first  killed  and  the  two  corresponding  muscles  of  op- 
posite legs  were  artificially  irrigated,  the  one  with  an  indifferent 
liquid,  such  as  0.7  per  cent  solution  of  sodium  chloride  for  frogs,  and 
for  cats  either  0.9  per  cent  solution  of  sodium  chloride,  or  whipped 
blood,  and  the  other  muscle  with  the  same  indifferent  liquid  contain- 
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ing  a  known  quantity  of  the  fatigue  substance.  With  frogs  the  two 
muscles  were  irrigated  successively  through  a  single  cannula  placed 
in  the  bulbus  arteriosus,  the  leg  whose  irrigation  was  not  desired 
being  Jigated  for  the  time  being.  With  cats  irrigation  was  performed 
simultaneously  in  the  corresponding  muscles  of  opposite  legs  through 
cannulas  placed  in  the  two  femoral  arteries,  and  connected  with 
pressure  bottles  containing  the  irrigation  solutions  warmed  to  body 
temperature.  Either  during  the  irrigation  or  immediately  afterward, 
the  two  muscles,  sometimes  left  in  situ  and  sometimes  excised,  were 
similarly  stimulated,  and  comparable  graphic  records  were  obtained. 

The  stimulus  that  was  employed  is  the  break  induction  Shock 
regularly  repeated.  This  was  obtained  usually  through  the  media- 
tion of  a  von  Frcy  rheotome,  two  keys  of  which  were  placed  in  the 
primary  and  secondary  circuits  respectively  of  the  inductorium  and 
were  so  arranged  as  to  allow  the  short-circuiting  of  the  make  shocks. 
The  rheotome  was  kept  in  motion  by  an  electric  motor.  The  con- 
stancy of  the  stimulating  current  was  insured  by  the  use  of  a  Grove 
cell.  The  muscle  lever  consisted  of  a  piece  of  straw  of  light  weight 
and  100  mm.  in  length.  The  muscle  was  attached  to  it  40  ram.  from 
the  axis,  the  weight  only  4  mm.  from  the  same  point.  A  very  deli- 
cate isotonic  system  was  thus  obtained.  The  muscle  actually  lifted 
only  one-tenth  of  the  weight  that  was  attached  to  the  lever.  To 
insure  a  uniform  abscissa  the  preparation  was  usually  after-loaded. 

The  contractions  of  the  muscle  were  recorded  on  the  Baltzar  or 
the  Zimmerman  clock  kymograph.  Usually  the  rate  of  the  drum 
was  very  slow,  and  the  single  contractions  appeared  as  vertical  lines 
very  close  together.  When,  however,  it  was  desired  to  expand  the 
records  into  the  customary  muscle  curves,  the  speed  was  greatly 
increased.  At  such  times  the  stimulating  shocks  were  mediated 
through  keys  similar  to  those  of  the  rheotome,  but  attached  to  the 
kymograph  itself,  and  opened  automatically  by  its  mechanism.  Su- 
perposition of  the  muscle  curves  was  effected  by  lowering  the  drum 
a  definite  distance  between  successive  records. 

In  some  experiments  attempts  were  made  to  compare  the  total 
amounts  of  work  performed  by  the  two  muscles  by  means  of  work- 
adders,  but  the  impossibility  of  obtaining  two  work-adders  capable  of 
acting  with  entire  uniformity  rendered  such  attempts  unsatisfactory. 

Further  details  of  the  method  will  *be  mentioned  in  the  later 
accounts  of  the  experiments. 

My  thanks  are  due  to  two  of  my  friends,  Drs.  Donald  Gordon 
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and  Edgar  E.  Stewart,  for  aid  in  the  laboratory.  Upon  them  has 
fallen  a  considerable  portion  of  the  task  of  performing  the  experi- 
ments, and  they  have  done  this  with  praiseworthy  perseverance  and 
efficiency. 

Results. 

The  results  that  have  been  obtained  by  the  methods  above  out- 
lined can  best  be  presented  with  the  aid  of  a  series  of  figures  which 
reproduce  tracings  from  actual  experiments.  The  experiments  here 
quoted  have  been  selected  from  a  very  large  number,  in  which  similar 
resuUs  have  been  observed.  Figure  i  shows  the  effect  of  carbon 
dioxide. 

January  IBS,  1906.  —  Frog:  weight,  37  gm.  One  thigh  was  ligated  tem- 
porarily. 15  c.c  of  0,7  per  cent  solution  of  sodium  chloride  were  in- 
jected into  the  bulbus  arteriosus  during  a  period  of  five  minutes.  After 
fifteen  minutes  more  had  elapsed  the  irrigated  gastrocnemius  was  excised 
and  prepared  for  direct  stimulation.  Maximal  stimuli,  29  per  minute. 
Weight  actually  lifted,  5  gm.  Every  50th  contraction  was  recorded, 
After  the  record  was  complete  the  temporary  ligature  on  the  opposite  leg 
was  removed,  and  15  c.c.  of  0.7  i>er  cent  solution  of  sodium  chloride, 
through  which  a  vigorous  stream  of  carbon  dioxide  had  been  passed  for 
several  minutes,  was  injected  through  the  bulbus  into  the  opposite  leg. 
After  a  wait  of  fifteen  minutes  the  gastrocnemius  was  removed,  and  a 
record  as  above  was  made,  the  muscle  curves  rising  from  the  same 
abscissas  as  those  of  the  first  muscle.  The  tracing  shows  every  50th 
curve  of  each  muscle,  from  the  1st  to  the  ssist  inclusive.  The  longer, 
or  in  the  later  contractions  the  lower,  curves  are  those  of  the  muscle 
under  the  influence  of  carbon  dioxide. 

It  will  be  observed  that  the  curves  of  the  muscle  under  the  influ- 
ence of  carbon  dioxide,  from  the  ist  to  the  isist  contraction  inclu- 
sive, are  higher  than  those  of  the  normal  muscle,  —  in  other  words, 
carbon  dioxide  exerts  at  first  an  augmenting  action.  From  the  two 
hundred  and  first  contraction  on,  the  fatiguing  effect  is  manifest. 

One  of  the  readiest  and  surest  means  of  demonstrating  the  aug- 
menting action  of  carbon  dioxide  is  the  following:  Etherize  a  cat. 
Expose  the  tendon  of  one  extensor  longus  digitorum,  and  attach  it 
to  a  muscle  lever,  af^er-weighted  and  arranged  to  record  on  a  slowly 
moving  drum.  Attach  electrodes  to  the  two  ends  of  the  muscle, 
stimulate  it  at  the  rate  of  twenty-five  per  minute,  and  record  each 
contraction.     When  the  treppe  is  nearly  or  quite  ended,  clamp  the 
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trachea  and  thus  asphyxiate  the  animal.  There  will  appear  a  marked 
rise  in  the  height  of  the  muscle  curves,  —  in  other  words,  a  new 
treppe.  Figure  2  shows  the  record  of  such  an  experiment.  The 
first  cross  indicates  the  moment  at  which  the  trachea  was  clamped; 
the  second  cross,  the  moment  at  which  the  heart  ceased  to  beat. 
There  are  two  possible  causes  for  the  new  treppe,  absence  of  oxygen 
and  accumulation  of  carbon  dioxide.  From  such  an  experiment 
alone  it  is  impossible  to  exclude  the  former,  and  from  the  analogy  of 
the  action  of  venous  blood  on  the  respiratory  centre,  it  is  perhaps 
not  improbable  that  absence  of  oxygen  is  a  real  factor.  The  work 
of  Zuntz  and  others,  however,  makes  it  probable  that  the  carbon 
dioxide  of  the  venous  blood  is  a  much  more  intense  stimulus  to  the 
nerve  cells  of  the  respiratory  centre  than  the  absence  of  oxygen.  By 
analogy,  therefore,  it  seems  altogether  probable  that  the  treppe  in 
such  an  experiment  as  this  is  caused  mainly  by  carbon  dioxide. 
Figure  3  shows  the  effect  produced  by  sarcolactJc  acid. 

January  27,  1906.  — Fiog:  weight,  54  gm.  One  thigh  was  ligated  tempo- 
rarily, 15  c.c,  of  0.7  per  cent  solution  of  sodium  chloride  were  injected 
into  the  bulbus  arteriosus  during  a  period  of  three  minutes.  After 
eighteen  minutes  more  had  elapsed  the  irrigated  gastrocnemius  was  excised 
and  prepared  for  direct  stimulation.  Maximal  stimuli ;  19  per  minute. 
Weight  actually  lifted,  5  gra.  Every  50th  contraction  was  recorded. 
After  the  record  was  complete  the  temporary  ligature  on  the  opposite  leg 
was  removed,  and  15  c.c.  of  a  0.7  per  cent  solution  of  sodium  chloride 
containing  ^  paralactic  acid  were  injected  through  the  bulbus  into  the 
opposite  leg.  AAer  a  wait  of  eighteen  minutes  the  gastrocnemius  was 
removed,  and  a  record  as  above  was  made,  the  muscle  curves  rising 
from  the  same  abscissas  as  those  of  the  first  muscle.  The  tracing  shows 
every  50th  cun-e  of  each  muscle,  from  the  ist  to  the  651st  inclusive. 
The  longer,  or  in  the  later  contractions  the  lower,  curves  are  those  of  the 
muscle  under  the  intluence  of  paralactic  acid. 

The  augmenting  action  of  paralactic  acid  is  visible  in  the  6rst  one 
hundred  and  fifty-one  contractions,  after  which  the  depressing  action 
appears. 

The  augmenting  effect  of  mono-potassium  phosphate  is  shown  in 
Fig.  4. 

JVbvember  10,  1906. — A  cat  was  killed  by  decapitation  at  11,25  ^-  *•■  ^ 
cannula  was  placed  at  once  in  each  femoral  artery,  and  at  12.31  irrigation 
of  the  two  legs  was  begun  simultaneously  under  a  constant  pressure  of 
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150  ram.  Hg  and  a  temperature  of  38.5°  C-  The  right  leg  was  irrigated 
by  the  whipped  blood  of  a  bullock,  the  left  leg  by  similar  blood  to  which 
had  been  added  pure  mo  no- potassium  phosphate  in  quantity  to  equal 
1/150  of  a  grammolecular  solution.  The  irrigation  continued  for  five 
minutes.  After  its  cessation  the  corresponding  extensor  longus  digitorum 
muscles  were  rapidly  excised,  placed  in  moist  chambers  at  room  tempera- 
ture, attached  to  exactly  similar  levers,  weighted  by  similar  weights,  of  which 
each  muscle  lifted  30  gm.,  and  stimulated  simultaneously  by  the  same 
series  of  maximal  break  induction  shocks,  delivered  at  the  rate  of  29 
in  the  minute,  while  each  contraction  was  recorded  on  a  slowly  moving 
drum.    The  record  began  at  11.41  and  ended  at  1.08  p.  m. 

In  the  figure  the  upper  tracing  represents  that  of  the  normal  muscle, 
the  lower  that  of  the  muscle  under  the  influence  of  mono-potassium 
phosphate.  At  the  beginning  of  the  record  the  contractions  of  the 
phosphate  muscle  were  considerably  greater  than  those  of  the  normal 
muscle,  and  this  advantage  continued  during  one  hundred  and  seven 
contractions,  when  the  depressing  action  of  the  fatigue  substance 
began  to  appear. 

It  usually  happens  that  the  augmenting  action  of  the  fatigue  sub- 
stance is  present  only  in  the  early  stages,  and  later  gives  place  to  the 
opposite  effect,  but  occasionally  augmentation  continues  throughout 
the  experiment.     This  is  well  illustrated  in  Fig.  5. 

November  15,  1906.  —  A  cat  was  killed  by  decapitation  at  10.06  a.  m.  A 
cannula  was  placed  at  once  in  each  femoral  artery,  and  at  lo.i  1  irrigation 
of  the  two  legs  was  begun  simultaneously  under  a  constant  pressure  of 
150  mm.  Hg,  and  a  temperature  of  38.5°  C.  The  right  leg  was  irrigated 
by  the  whipped  blood  of  a  bullock,  the  left  leg  by  similar  blood  to  which 
had  been  added  pure  mono-potassium  phosphate  in  quantity  to  equal  1/150 
of  a  grammolecular  solution.  The  irrigation  continued  for  three  minutes. 
After  its  cessation  the  corresponding  extensor  longus  digitoium  muscles 
were  rapidly  excised,  placed  in  moist  chambers  at  room  temperature, 
attached  to  exactly  similar  levers,  weighted  so  as  to  lift  30  gm.  each,  and 
stimulated  simultaneously  by  the  same  series  of  maximal  break  induction 
shocks  at  the  rate  of  29  in  the  minute,  the  contractions  being  recorded 
on  a  slowly  moving   drum.     The  record  began  at  10.  zo  and  ended  at 

10.S3  A.  M. 

In  the  figure  the  upper  tracing  represents  that  of  the  normal  muscle ; 
thelower,  thatof  the  muscle  under  the  influence  of  the  mono-potassium 
phosphate.     At  the  beginning  of  the  record  the  phosphate  muscle  is 
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seen  to  possess  nearly  twice  the  lifting  power  of  the  normal  one,  and 
it  has  the  advantage  of  the  latter  even  to  the  end.  The  augmenting 
action  oE  the  mono-potassium  phosphate  is  very  evident. 

After  this  experiment  was  ended  I  made  an  attempt  to  determine 
how  much  mono-potassium  phosphate  the  poisoned  muscle  had  re- 
ceived. I  measured  the  bulk  of  the  muscle,  the  bulk  of  the  whole 
leg,  and  the  amount  of  liquid  that  had  passed  through  the  latter.  On 
the  supposition,  which  was,  of  course,  not  literally  correct,  that  all 
portions  of  the  leg  had  received  equivalent  amounts  of  the  irrigating 
liquid,  the  figures  showed  that  approximately  O.0005  gm.  of  mono- 
potassium  phosphate  had  passed  into  the  arteries  of  the  muscle.  This 
is  a  small  amount ;  how  much  of  it  had  actually  been  absorbed  cannot, 
of  course,  be  known,  but  the  fraction  could  not  have  been  great. 

The  augmenting  action  of  mono-potassium  phosphate  may  be  easily 
demonstrated  in  the  manner  illustrated  in  Fig.  6. 

A  cat  was  etherized  and  tracheotomized.  To  insure  regularity  of  subsequent  res- 
piration and  etherization,  artificial  respiration  was  established.  The  right 
tibialis  amicus  was  prepared  for  direct  stimulation  and  the  recording  of  its 
contractions;  the  crural  and  sciatic  nerves  of  the  right  leg  were  cut;  a  can- 
nula was  placed  in  the  left  external  jugular  vein  ;  the  muscle  was  stimulated 
by  maximal  break  induction  shocks  at  the  rate  of  2  2  per  minute.  The  weight 
actually  lifted  was  20  gm.  While  the  record  was  in  progress  to  c.c.  of  a 
0.9  per  cent  solution  of  sodium  chloride  containing  fV  mono-potassium 
phosphate  were  injected  slowly  into  the  jugular  vein.  The  period  of 
injection  and  the  augmenting  effect  appear  on  the  tracing. 

In  the  experiments  so  far  reported  the  fatigue  substances  either 
consisted  wholly  of  or  contained  free  acid,  and  since  their  effects  are 
practically  identical,  the  obvious  inference  is  that  they  act  by  reason 
of  their  acid  character.  This  is  probably  true.  But  the  following 
experiment,  which  is  illustrated  in  Fig.  7,  shows  that  it  is  not  neces- 
sarily the  whole  truth.  A  cat  was  treated  in  the  same  manner  as  in 
the  preceding  experiment.  At  the  time  indicated  by  the  signal,  lO  c.r. 
of  a  o.g  per  cent  solution  of  sodium  chloride  containing  ^  potassium 
paralactate  were  injected  into  the  jugular  vein.  There  ensued  a 
marked  rise  in  the  height  of  the  muscle  curves.  The  solution  here 
employed  was  a  solution  of  the  potassium  salt,  neutral  to  phenol- 
phthalein,  and  yet  the  eflfcct  was  the  same  as  if  the  free  acid  had 
been  injected.  Such  an  experiment  is  justified  by  the  possibility 
that  paralactic  acid  exists  in  the  muscle,  not  free,  but  in  combination 
with  potassium. 
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After  this  experiment  was  completed  the  skin  of  the  animal  was 
removed  and  the  bulk  of  the  whole  body,  measured  by  the  displace- 
ment of  water  when  submerged,  was  found  to  be  3445  c.c. ;  that  of 
the  tibialis  amicus,  5  c.c.  The  proportion  of  the  latter  to  the  whole 
body  was  thus  i  :689.  The  amount  of  the  salt  which  was  received 
by  the  single  muscle  must  have  been  very  small,  yerthe  work  per- 
formed was  increased  19  per  cent. 

Is  the  augmenting  effect  of  the  fatigue  substances  due  to  their 
action  on  the  muscle  substance  itself  or  its  nervous  supply.'  The 
treppe  occurs  in  both  curanzed  and  non-curarized  muscles.  Ranke, 
who  discovered  that  under  the  influence  of  small  quantities  of  lactic 
acid  the  minimal  stimulus  of  the  muscle-nerve  preparation  was  de- 
creased,—  in  other  words,  that  the  irritability  was  increased,  —  was 
unable  to  observe  the  effect  in  curarized  preparations.  He  therefore 
claimed  that  lactic  acid  acts  on  the  nervous  system  alone,  and  he  made 
this  supposed  fact  an  important  part  of  his  theory  of  the  action  of 
fatigue  substances.  I  find  myself  unable  to  agree  with  Ranke  in  this. 
I  have  observed  augmentation  of  activity  after  the  administration  of 
each  of  the  fatigue  substances  in  both  curarized  and  non-curarized 
muscles.  Curare,  of  course,  depresses  muscular  irritability,  and  in 
harmony  with  this  fact  it  has  seemed  to  me  that  larger  quantities  of 
the  fatigue  substance  are  required  to  produce  a  given  amount  of  aug- 
mentation in  curarized  than  in  non-curarized  preparations.  In  cura- 
rized cats,  for  example,  with  ipaxima!  stimuli,  after  the  normal  treppe 
has  been  obtained,  1  have  at  times  failed  to  observe  the  artificial  treppe 
on  stopping  the  respiration.  It  has  appeared,  however,  when  sub- 
maximal  stimuli  have  been  employed,  and  care  has  thus  been  taken 
to  avoid  the  production  of  large  quantities  of  the  normal  fatigue  sub- 
stances. I  have  not  attempted  to  examine  this  question  exhaustively, 
but  can  state  that  according  to  my  experiments  it  is  not  necessary 
to  assume  that  the  fatigue  substances  exert  their  augmenting  action 
through  any  portion  of  the  nervous  system. 

If  the  chemical  theory  of  the  treppe,  as  here  outlined,  be  true,  a 
difference  in  the  duration  of  the  normal  treppe  is  to  be  expected  in 
muscles  possessing  an  intact  circulation  of  blood  and  in  those  from 
which  tlie  circulation  has  been  excluded.  Such  a  difference  actually 
occurs,  and  is  well  illustrated  in  Fig.  8. 

December  ZS,  1906.  —  At  11.15  ''■  "■  ^  "^^  "^  etherized.  The  tibialis  anticus 
muscles  of  the  two  legs  were  prepared  for  stimulation  and  the  recording  of 
contractions.     At  1.19  both  the  external  and  internal  iliac  arteries  of  the 
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left  leg  were  Ijgated,  thus  shutting  off  all  blood  supply  on  that  side.  At 
i.23  the  stimulation  of  both  muscles  by  the  same  series  of  break  shocks 
«  and  the  records  of  the  contractions  were  begun.  Maximal  stimuli,  25 
per  minute.  Weight  actually  lifted,  20  gtn.  The  treppe  was  completed 
in  the  bloodless  muscle  after  269  contractions;  in  the  opposite  muscle 
after  383  c 


The  result  is  what  might  have  been  expected.  Where  the  circu- 
lation of  blood  is  maintained,  the  fatigue  substances  are  continually 
washed  away,  and  hence  accumulate  only  slowly.  Their  augmenting 
action  therefore  continues  for  a  considerable  time.  In  the  muscle 
from  which  the  circulation  is  excluded  they  accumulate  rapidly;  their 
augmenting  action  reaches  its  maximum  early,  and  gives  place  early 
to  depression.  In  experiments  similarly  performed  on  frogs  the 
treppe  developed  also  more  rapidly  in  the  muscle  lacking  a  circula- 
tion. In  an  extreme  case  it  continued  in  such  a  muscle  for  only  five 
minutes,  during  which  one  hundred  and  twenty-five  contractions  were 
made,  while  on  the  opposite  side,  with  the  circulation  continuing,  the 
maximum  was  not  reached  until  the  end  of  twenty-eight  minutes 
and  after  the  muscle  had  made  seven  hundred  contractions.  In  two 
other  experiments  the  treppe  of  the  bloodless  muscle  was  ended 
after  sixty-three  and  sixty-three  contractions  respectively,  and  of 
that  possessing  a  circulation  after  one  hundred  and  twenty-six  and 
one  hundred  and  three  contractions.  It  is  difficult  to  see  how  such 
differences  can  be  explained  on  the  theory  of  a  simple  alteration 
in  elasticity:  they  are  readily  understood,  however,  on  the  chemical 
theory. 

A  fact  which  was  pointed  out  by  Tiegel  is  also  capable  of  a  similar 
explanation.  Tiegel  found  that  the  treppe  that  accompanied  sub- 
maximal  stimulation  continued  for  a  longer  time  than  when  maximal 
stimulation  was  employed.  This  I  would  interpret  on  the  assumption 
that  during  maximal  stimulation  a  larger  quantity  of  the  fatigue  sub- 
stances is  produced  than  during  submaximal  stimulation,  and  hence 
their  augmenting  action  reaches  its  maximum  earlier. 

It  is  a  well-known  fact  that  even  when  there  is  no  blood  supply  or 
other  irrigating  liquid,  the  fatiguing  or  depressing  effect  of  previous 
muscular  work  gradually  passes  away,  at  least  in  part,  when  the 
muscle  is  allowed  to  rest.  To  a  certain  extent  the  muscle  recovers 
its  working  power.  Expressed  in  terms  of  the  theory  of  fatigue,  the 
toxic  action  of  the  fatigue  substances  gradually  diminishes,  and  more 
or  less  disappears  in  the  course  of  time.    Various  writers  have  pointed 
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out  likewise  that  the  augmenting  effect  of  previous  activity,  while 
persisting  for  a  time,  continues  in  a  diminishing  ratio,  and  ultimately 
passes  away.  For  example,  Bowditch  found  for  the  muscle  of  the 
frog's  heart  fed  with  serum,  that  when  the  interval  between  successive 
single  stimuli  was  increased  by  stages  from  four  seconds  up  to  sixty 
seconds,  the  resulting  augmentation  of  the  contractions  became  less 
and  less,  until  at  the  higher  interval  it  was  slight  or  wanting.  With 
mammalian  muscle  possessing  its  normal  circulation,  Rossbach  and 
Harteneck  found  that  the  treppe  disappeared  when  the  interval 
between  stimuli  was  increased  to  five  seconds.  Buckmaster,  working 
with  the  curarized  frog's  gastrocnemius,  showed  that  the  after-effccl 
of  a  stimulus  continued  for  a  certain  lime,  but  with  diminishing 
intensity ;  with  an  interval  of  sixty  seconds  between  two  contraciinns, 
augmentation  was  scarcely  noticeable.  This  observed  transitory  per- 
sistence with  diminishing  intensity  and  final  passing  away  of  aug 
mentation  is  precisely  what  might  be  expected  on  the  chemical 
theory  of  the  nature  of  augmentation.  Expressed  in  terms  of  this 
theory,  the  interpretation  of  the  fact  is  that  the  fatigue  substances 
accumulate,  and  if  the  interval  between  stimuli  be  brief,  they  exert  a 
cumulative  augmenting  action ;  but  their  action  diminishes  with 
time,  and  if  the  interval  between  stimuli  be  long,  augmentation 
may  entirely  fade  out  before  opportunity  is  given  for  its  expression 
in  the  next  contraction.  Thus  the  observed  analogy  between  the 
disappearance  of  depression  and  that  of  augmentation  may  con- 
sistently be  paralleled  by  an  analogy  in  the  modes  of  explanation  of 
the  two. 

The  chemical  theory  of  the  treppe  may  be  extended  to  the  explana- 
tion of  the  mysterious  process  known  as  summation  of  stimuli.  As 
applied  in  its  usual  sense  to  contractile  tissues,  the  term  means  the 
phenomenon  wherein  a  stimulus,  too  weak  to  cause  a  contraction 
when  applied  singly,  becomes  efficient  when  repeated.  A  submini- 
mal stimulus  may  thus  pass  the  threshold  and  become  minimal  and 
even  supraminimal.  Summation  of  stimuli  in  this  sense  in  contractile 
tissue  was  demonstrated  clearly  by  Romanes  in  the  contractile  tissue 
of  the  bell  of  the  medusa.  In  striated  muscle  it  was  observed  by 
Richet  in  the  claw  muscles  of  the  crayfish.  It  appears  to  be  a 
widespread  phenomenon  of  contractile  protoplasm  in  both  animals 
and  plants.  I  shall  not  here  enter  into  an  extended  discussion  of 
the  process,  but  its  connection  with  the  treppe  is  not  to  be  denied. 
Romanes  pointed  out  that  the  summation  which   he   observed  was 
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associated  with  the  process  of  stimulation  rather  than  contraction, 
and  it  is  generally  acknowledged  that  the  chemical  changes  of 
muscular  activity  occur,  in  large  part  at  least,  during  the  period  of 
the  excitatory  stage  rather  than  during  the  subsequent  mechanical 
stage,  Gotschlich  has  found  that  stimuli  too  weak  to  effect  contrac- 
tion in  muscle  will  yet  cause  the  production  of  acid.  The  acid 
thus  arising,  it  most  be  believed,  increases  irritability,  and  the 
subminimal  stimulus  is  thus  enabled  to  become  effective.  Summa- 
tion of  stimuli  and  treppe  are  thus  similar  processes,  and  in  fact 
the  former  term  is  often  applied  by  writers  not  only  to  the  cumula- 
tive action  of  subminimal  stimuli,  but  also  to  that  of  repeated  sub- 
maximal  or  maximal  stimuli, —  in  other  words,  to  the  treppe  and 
treppe-like  phenomena. 

An  interesting  experiment  by  Sewall  may  here  be  quoted.  He 
found  that  tetanization  of  a  muscle  in  which  the  contractions  were 
prevented  by  holding  down  the  lever  increased  the  irritability  of  the 
muscle  to  such  an  extent  that  subsequent  maximal  stimuli  resulted 
in  greater  contractions  than  before  the  tetanizing  stimulus  had  been 
applied.  The  tetanizing  stimulus  had  evidently  produced  fatigue 
substances,  and  these  had  reacted  on  the  muscle  in  their  customary 
augmenting  manner. 

Thus  far  in  the  problem  of  the  treppe  I  have  worked  with  striated 
muscle  only,  and  I  can  perhaps  hardly  be  justified  in  extending  my 
conclusions  to  Other  tissues.  But  the  phenomenon  is  physically  so 
similar  in  cardiac  muscle,  and  apparently  so  in  the  central  nervous 
system  and  the  peripheral  nerve,  that  it  seems  probable  that  the 
chemical  phenomena  in  all  these  cases  will  ultimately  be  shown  to 
be  sufficiently  analogous  to  afford  an  analogous  explanation  for  all. 
This  is  obviously  so  with  regard  to  cardiac  muscle.  With  the  central 
nervous  system  carbon  dioxide  is  an  undoubted  product  of  activity, 
and  there  is  no  inherent  improbability  in  its  acting  as  a  factor  in 
making  paths  of  conduction  that  have  once  been  traversed  more  easy 
of  subsequent  passage.  "Canalization,"  as  Waller  terms  it,  is  a  real 
phenomenon,  and  the  establishment  of  a  chemical  process  for  it  is 
by  no  means  to  be  unexpected.  The  case  of  the  nerve  fibre  is  not  so 
clear,  because  of  the  lack  of  evidence  of  metabolism  within  it;  but 
the  claims  of  Garten  and  Frohlich  to  have  demonstrated  fatigue  within 
nerves,  and  Waller's  inference  regarding  the  production  of  carbon 
dioxide  therein,  are  suggestive  of  further  insight  into  this  diflicult 
field  of   research.     Waller  does   indeed   go  so  far  as  to  ascribe  to 
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carbon  dioxide  the  staircase  in  the  electrical  responses  of  nerve 
to  excitation. 

The  facts  here  reported  seem  to  emphasize  anew  and  strikingly  the 
great  desirableness  of  a  very  careful  and  full  investigation  of  the 
physiological  actions  on  cells,  tissues,  and  organs  of  the  products  of 
metabolism,  both  intermediate  and  final  products.  We  seem  not  yet 
to  realize  how  potent  may  be  the  influence  of  such  substances.  It  is 
true  that  the  important  parts  played  by  specific  internal  secretions, 
specific  auto-intoxicants,  and  specific  inorganic  salts,  are  being  recog- 
nized, but  these  are  probably  but  isolated  instances  of  a  widespread 
principle,  and  we  incur  the  charge  of  being  unscientific  if  without 
experimental  data  we  deny  to  even  the  humblest  katabollc  product 
a  possible  rdle  as  a  physiological  reagent.  It  seems  to  me  that 
physiology  is  destined  to  make  great  progress  along  the  lines  here 
indicated. 


Conclusions. 

1.  The  physiological  action  on  skeletal  muscle  of  each  of  the  com- 
monly recognized  fatigue  substances,  namely,  carbon  dioxide,  para- 
lactic  acid,  and  mono-potassium  phosphate,  is  of  two  opposite  modes, 
the  appearance  of  the  one  or  the  other  mode  being  dependent  upon 
the  quantity  of  the  substance  that  is  present  and  the  duration  of  its 
activity.  If  present  in  moderate  quantity,  or  smaller  quantity  for  a 
longer  time,  each  substance  is  depressing  or  fatiguing.  If  present  in 
small  quantity,  or  moderate  quantity  for  a  brief  time,  it  causes  an 
augmentation  of  activity,  which  is  characterized  by  an  increase  in 
irritability  and  working  power,  an  increase  in  the  height  to  which 
the  load  is  lifted,  and  an  increase  in  the  total  amount  of  work 
performed, 

2.  The  augmenting  action  of  fatigue  substances  is  not  due  solely 
to  free  acid,  since  it  is  shown  by  the  neutral  potassium  paralactatc. 

3.  The  augmenting  action  of  fatigue  substances  occurs  in  both  cura- 
rized  and  non-curarized  muscles.  Hence  it  is  exerted  upon  the 
muscle  protoplasm  itself. 

4.  The  treppe  of  skeletal  muscle  is  due  to  the  augmenting  action 
on  the  muscle  protoplasm  of  fatigue  substances  present  in  small 
quantity. 

5.  In  a  muscle  from  which  the  circulation  of  blood  is  excluded  the 
treppe  reaches  its  maximum  earlier  than  in  a  muscle  possessing  a 
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circulation.    This  is  due  to  the  more  rapid  accumulation  of  fatigue 
substances. 

6.  Tiegel's  discovery  that  the  treppe  accompanying  maximal 
stimulation  reaches  its  maximum  earlier  than  with  submaximal  stimu- 
lation is  explained  as  due  to  the  larger  quantity  of  fatigue  substances 
produced  in  the  former  case,  and  the  resulting  earlier  cessation  of 
their  augmenting  effect, 

7.  Just  as  recovery  from  fatigue  is  explained  by  a  diminution  of 
the  toxic  action  of  fatigue  substances,  so  the  disappearance  of  the 
augmenting  efifect  of  previous  activity  may  be'explained  by  a  diminu- 
tion of  the  augmenting  action  of  the  same  substances. 

8.  Summation  of  stimuli  may  be  explained  as  a  rise  of  irritability 
due  to  the  augmenting  action  of  fatigue  substances. 

9.  Although  the  present  research  deals  with  skeletal  muscle  only, 
it  seems  not  unlikely  that  the  treppe  of  other  muscle,  the  central 
nervous  system,  and  peripheral  nerve,  will  be  ultimately  explained  by 
the  chemical  theory  here  presented. 
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CONCERNING  GLYCOLYSIS. 

By  C.  W.  hall. 
[From  Iht  LabanUary  if  Bi^egUal  Chtmislry  ef  tlu  Harvard  Mtdical  JrAw/.i]    ■_J, 

Introduction. 

THE  mechanism  of  the  destruction  of  d'glucose  in  the  animal 
body,  probably  the  chief  source  of  energy  for  the  muscle  and 
for  animal  beat,  has  long  been  a  matter  of  dispute  and  the  subject  of 
many  theories.  Since  1889,  when  Minkowski  and  von  Menng  pub- 
lished their  investigations  on  pancreatic  diabetes,  the  long-suspected 
rAIe  of  the  pancreas  in  this  important  reaction  has  been  accepted  as 
proved.  These  authors  showed  that  the  removal  of  the  entire  pan- 
creas from  a  dog  leads  to  a  condition  quite  similar  to  severe  diabetes 
in  man,  and  ends  in  the  death  of  the  animal.  However,  even  a  small 
portion  of  the  gland,  remaining  in  the  body  quite  disconnected  from 
the  alimentary  canal,  suffices  almost  completely  to  prevent  the  con- 
dition, otherwise  established,  so  that  the  characteristic  symptoms 
may  be  in  this  case  slight  and  transient,  or  altogether  absent.  As 
a  result  of  these  and  other  investigations  it  is  now  generally  believed 
thAt  the  pancreas  supplies  fin  internal  secretion  which  is  an  essential 
factor  in  the  normal  destruction  of  glucose. 

In  1903  O.  Cohnheim^  published  the  results  of  a  series  of  experi- 
ments which  materially  advanced  our  knowledge  of  glycolysis  and  of 
the  function  of  the 'pancreas  therein.      Mixing  the  expressed  juice  of 
muscle  and  of  pancreas  from  a  recently  killed  dog  or  cat,  adding 
dextrose,  toluol  to  prevent  the  growth  of  bacteria,  and  sodium  bicar- 
bonate to  prevent  acidity,  he  observed,  after  the  mixtures  had  stood 
in    the  thermostat  for  a  considerable  time,  a  material  diminution  in 
the  dextrose  content  as  measured  by  the  reduction  of  Pavy's  solu- 
tion.      The  expressed  juice  of  pancreas  unaided  produced  in  Cohn- 
heim's   experiments  no  effect  upon  the  power  of  reduction   of  such 
'    Carried  out  with  the  aid  of  a  grant  from  the  Elizabeth  ThompsoD  Fund. 
s  CoHNHEiM  :  Zeitschrift  fiir  physiologische  Chemie,  1903,  xxxix,  p.  336. 
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a  mixture.  The  expressed  juice  of  muscle  unaided  produced  a  slight 
effect,  but  the  calculated  destruction  of  glucose  in  these  experiments 
was  greatly  less  than  in  the  case  of  the  co-operation  of  the  two  or- 
gans. Later  Cohnheim  ^  published  a  second  communication  confirm- 
ing his  original  experiments  and  showing  that  the  expressed  juice  of 
pancreas  may  be  replaced  by  an  alcoholic  extract  of  boiled  pancreas. 
The  results  with  this  extract  were  particularly  satisfactory.  This 
author  experienced  difRculty  in  carrying  on  the  experiments  when 
normal  saline  solution  was  used  in  preparing  the  muscle  juice,  and  he 
believes  that  sodium  chloride  is  very  injurious  to  the  active  muscle 
substance.  Difficulties  also  arose  if  large  quantities  of  the  pancreatic 
component,  either  as  expressed  juice  or  as  alcoholic  extract,  were  em- 
ployed ;  accordingly  he  assumes  an  inhibitory  action  of  pancreatic 
substance  when  present  in  large  amounts.  Results  similar  to  Cohn- 
heim's  were  reported  at  about  the  same  time  by  R.  Hirsch'  from 
Hofmeister's  Laboratory, 

The  results  of  Cohnheim  have  been  questioned  by  Claus  and 
Embden,^  who  reported  several  experiments  in  which  no  diminution 
in  the  power  of  reduction  of  the  mixture  was  to  be  observed;  while 
in  those  cases  where  they  detected  a  diminished  power  of  reduction 
they  found  bacteria  present  in  the  mixture  and  ascribed  the  diminu- 
tion of  glucose  to  their  activity.  They,  however,  used  sodium  chlo- 
ride in  preparing  the  muscle  juice,  and  also  large  quantities  of  the 
juice  of  the  pancreas,  and  these  facts,  Cohnheim  believes,  explain  the 
negative  results  of  their  experiments.  In  a  later  article  Claus  and 
Embden  *  report  further  experiments.  They  maintain  that  bacterial 
action  is  the  cause  of  the  disappearance  of  glucose.  Cohnheim,  how- 
ever, in  his  later  publications  *  presents  further  evidence  in  support  of 
his  contention. 

In  addition  to  the  work  of  these  authors  the  presence  of  an  "  ac- 
tivating substance  "  in  the  pancreas  has  been  shown  by  Arnheim  and 
Rosenbaum,'  by  de  Meyer,"  and  in  particular  by  Miss  Dewitt,'  who 

^  Cohnheim  r  Zeilschrift  fur  physiologischc  Chemie,  1904. 3<liii  ?■  4<"- 
'  HiRSCH,  R.  r  Hofmeister's  Beitrage,  190s,  v,  p-  214. 
■  Claus  and  Embden  :  Ibid.,  1905,  vi,  p.  214. 
<  THd.,  190S.  vi,  p.  343. 

*  Cohnheim:  Zeitschrift  fiir  physiologische  Chemie,  1905,  xliii,  p.  547;  190J, 
xlvii.p.  2S3. 

'  Arnheim  and  Rosrnbaum:  Ibid..  1904,  x1,  p.  220. 

'  DE  Mey.er:  Archives  internationales  de  physiologic,  1905,  ii,  p,  131. 

'  Dewitt  :  Journal  of  experimental  medicine,  1906,  viii,  p.  193. 
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obtained,  as  she  believes,  the  active  pancreatic  component  from  the 
areas  of  Langerhans  in  pancreases  the  rest  of  which  were  degenerated 
so  that  they  did  not  yield  digestive  ferments.  De  Meyer  believes 
the  pancreatic  component  to  be  in  its  action  of  the  nature  of  an 
amboceptor. 

The  present  investigation  aims  to  test  the  results  of  Cohnheim's 
investigations  and  to  extend  our  knowledge  of  this  important  physio- 
logical co-operation. 


Muscle  juice  for  the  experiments  was  invariably  obtained  from  a 
rabbit  killed  by  bleeding.  Immediately  after  death  the  muscles  were 
removed  ^passed  through  a  sausage  machine,  and  mixed  with  sand, 
cold  water,  and  phosphate  solution  ^  to  preserve  neutrality.  From  this 
mixture  the  muscle  juice  was  obtained  with  the  aid  of  a  powerful 
hand  press.  To  this  preparation  were  then  added  glucose  or  another 
sugar  and  the  pancreatic  component  in  whatever  form  was  chosen  for 
the  particular  experiment.  In  certain  series  of  experiments,  however, 
the  one  component  or  the  other  alone  was  used.  In  every  case  the 
mixtures  were  shaken  with  toluol,  and  a  layer  of  toluol  was  placed  on 
top  of  them  in  test  tubes.  The  reducing  power  of  a  sample  was  then 
measured  with  Pavy's  solution,  and  the  preparations,  carefully  stop- 
pered with  absorbent  cotton,  were  placed  in  the  thermostat  for  a 
varying  period  of  time.  At  the  end  of  the  experiment  the  power  of 
reduction  was  determined  with  Pavy's  solution,  and  the  amount  of 
glucose  which  had  disappeared  was  calculated.  -y 

The  alcoholic  extract  of  pancreas  was  prepared  as  follows:  fresh 
pancreas,  crushed  and  mixed  with  a  small  amount  pf  water,  was  evap- 
orated nearly  to  dryness  on  the  water  bath,  and  thoroughly  extracted 
with  ninety-five  per  cent  alcohol.  The  alcoholic  extracts  were  filtered 
through  cloth,  united  and  filtered  through  filter  paper. 

The  following  experimental  data  confirm  Cohnheim's  work,  and 
essentially  they  are  repetitions  of  it. 

Of  the  four  series  of  experiments  the  first  test  the  action  of  the 

'  This  solution  consisted  of  nine  pans  di-sodium  phosphate  and  one  part  mono- 
sodium  phosphate ;  iis  strength  was  about  ten  per  cent.  Such  a  mixture  of  phos- 
phates, devised  by  Henderson  and  Webster  (Journal  of  medical  research, 
1907,  xui),  though  almost  absolutely  neutral  itself,  can  neutralize  an  amount  of 
acid  equivalent  to  its  di-sodium  phosphate  content  without  becoming  appreciably 
acid ;  see  American  journal  of  physiology,  1906,  xv,  p.  257. 


Digitized  by  Google 


286 


G.  W.  Hall, 


juice  of  the  pancreas  upon  glucose  ;  the  second,  the  action  of  muscle 
juice  upon  glucose;  the  third,  the  action  of  the  two  juices  combined 
upon  glucose.     In  Series  Four  the  experiments  of  Series  Three  are 


SERIES   I. 
ICE  OF  Pancreas  4-  Glucose. 


No.  of 
exp. 

Original  rednc- 
tian  in  glacose. 

Time. 

Final  reduc- 
tion in  glucose. 

Calculated 

diminution  of 

glucose. 

Diminution 
ofglucoK. 

I 
2 
3 

4 
S 
6 

2.176 
3.242 
2.786 
2.916 
3.115 
3.11S 

24 
16 
20 
3Z 

24 
48 

2T8O 

3.237 
2.754 
2.899 
3.116 
3.1U 

-ft004 

0.005 

aci32 

0.017 
-0.001 

oow 

-0.2 

a2 
1.1 

0.6 

0.1 

repeated,  using  alcoholic  extract  of  boiled   pancreas  in  place  of   the 
expressed  juice  of  the  gland. 

It  appears  from  the  above  tables  that  pancreatic  expressed  juice 
has  no  appreciable  effect  upon  glucose  (Series  I).  On  the  other 
hand,  the  expressed  juice  of  muscle  acting  in  neutral  solution  at 
40°   produces  a  constant  and  marked   though   rather  slight  disap- 


/  Expressed  Ju 

ICE  OF  Muscle  + 

Glucose. 

No.  of 
exp. 

Original  rediic- 

Time 

Final  reduc- 
tion in  glucose. 

1 

Calculated 

diminution  of 

glucose. 

Diminbtion 
of  glucose. 

4^i8 

Ut.' 

26 

1          4.202 

0.026 

'"oT 

3.979 

32 

3.899 

0.080 

2.0 

3.766 

24 

3.674 

0.09Z 

Z4 

3.766 

49 

'          3.687 

0.079 

2.1 

4.327 

40 

1          4.236 

0041 

1.0 

all  olhe 

perimenis  ]  and  2  sodium 
experiments  tlie  phospha 

bicarbonate  was  used  to  preserve  n 
e  mixture  was  employed. 

eutralilyi  in 
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SERIES   HI. 


ExpftESSBD  Juice  op 

Muscu  +  ExpRBssED  Juice 

OF  Pancreas  +  Glucose. 

No.  of 
exp. 

Original 
reduction  in 

glucose. 

Time. 

Final 
reduction  in 

glucose. 

Calculated 

diroinuiion  o( 

glucose. 

of  glucose. 

1 

3^72 

IS 

sTds 

a066 

*1.7 

2 

3.572 

40 

3378 

0.194 

5.4 

3 

4.023 

26 

3.798 

0.225 

5.6 

4 

2116 

18 

2.008 

0.108 

5.1 

S 

Z116 

30 

2.003 

aii3 

5.4 

6 

3.118 

24 

3.021 

0097 

3.1 

In  ExpeiimentB  1  and  Z,  2S  cc.  of  muscle  juice  and  10  c.c.  of  the  juic 

of  the  pan- 

creas  were  mixed.     In  Eiperiments  3,  4,  and  5,  25  c.c.  oi  muscle  juice 

and  2  c.c  of 

the  juice  of  the  pancreas  were  mixed.    In  Experiment  6,  SO  c.c.  of  muscle  juice  and 
15  c.c.  of  the  juice  of  the  pancreas  were  mixed. 

Alcoholic  Extract  0 

Pancreas  +  Expressed  J 

ICE  OF  Muscle  +  Glucose. 

No.  of 
eip. 

Original 
glucose. 

Time. 

Final 

reduction  in 

glucose. 

Calculated 

diminution  of 

glucose. 

Diminution 

of  glucose. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

5!oOO 
S.00O 
4.62S 
4.625 
4.625 
3J62 
2.312 
2.500 
2.500 

24 

48 
24 
48 
72 

: 

24 
48 

3472 
3.571 
4.250 
4.025 
3.787 
2.637 
1.950 
2.225 
2.150 

1.S28 
1.429 
0.375 
0.600 
a838 
a925 
0362 
0.275 
0.350 

3a6 

Z8.6 

8.1 
13.0 
IRl 

26.0 
15.6 
11.0 
14.0 

In  Experiments  1,  2,  6,  8,  and  9,  25  c.c.  of  muscle  juice  and  5  c.c.  of  alcoholic 
pancreatic  extract  were  mixed.     In  Experiments  3,  4,  and  5,  25  c.c.  of  muscle  juice 
and  2  cc.  of  alcoholic  pancreatic  extract  were  mixed.     In  Experiment  7,  25  c.c.  of 
muscle  juice  and  1  cc.  of  alcoholic  pancreatic  extract  were  mixed. 
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pcarance  of  glucose  (Series  11).  When  combined,  however  (Series 
III),  these  two  juices  are  much  more  effective,  under  the  conditions 
of  the  experiment,  to  produce  a  diminution  in  the  power  of  reduction 
of  the  solution.  Even  more  marked  is  the  efTect  of  muscle  juice  and 
alcoholic  extract  of  pancreas  in  conjunction  (Series  IV).  In  this 
case  a  disappearance  of  nearly  a  third  of  the  glucose  has  been  noted. 
Experiments  to  determine  the  greatest  possible  destruction  of  glu- 
cose, both  absolute  and  relative,  will  presently  be  undertaken  in  this 
SUMMARY   OF   FIRST  EXPERIMENTS. 

Average  destruc-  Percentage 
tian  in  glucose,    deatruclion. 

Series      I.    Pancreas  +  glucose 0.010  03 

Series    II.     Muscle  +  glucose 0.064  1.6 

Series  III.    Pancreas  +  muscle  +  glucose    .    .     ,  0-134  4.4 
Series  IV.     Alcoholic  extract  of  pancreas  4-  masde 

+  glucose 0-742  18.3 

laboratory.  Variations  in  the  amount  of  sugar  which  disappears, 
as  for  instance  in  Series  IV,  may  well  be  due  in  great  part  to  differ- 
ence in  the  activity  of  the  muscle  juice  obtained  from  different 
animals.  In  such  experiments  as  these  an  autolytic  formation  of 
reducing  substance  is  far  from  improbable;  such  may  be  the  case 
in  Series  I,  Experiment  I,  for  instance. 

Taken  together,  the  above  experiments  strongly  support  Cohnheim's 
conclusions  in  so  far  as  the  disappearance  of  glucose  is  concerned. 
In  these  experiments  bacterial  action  is  hard  to  seek,  for  Series  I 
presents  consistently  negative  results.  Series  II  consistently  low 
results,  Series  III  and  IV  consistently  high  results,  though  the 
experiments  of  the  several  series  were  not  done  consecutively. 
Moreover,  the  great  quantity  of  toluol  used  in  all  the  experiments 
is  a  strong  safeguard  against  bacterial  contamination.  Finally,  dur- 
ing the  course  of  the  investigation  in  six  separate  experiments  cul- 
tures both  aerobic  and  anaerobic  were  made  after  forty-eight  hours, 
altogether  twelve  cultures.  All  but  one  of  these  proved  sterile, 
this  one  showing  a  growth  of  B.  subtilis.  Further  evidence  against 
this  contention  of  Embden  will  be  presented  later  in  this  paper. 

Second  Experiments, 

The  following  experimental  data  were  collected  to  test  the  possi- 
bility of  separating  the  active  pancreatic  constituent  from  some  of 
the  accompanying  substances  with  phosphotungstic  acid. 
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An  aqueous  solution  of  the  alcoholic  extract  of  boiled  pancreas  was 
prepared,  and  to  this  a  saturated  solution  of  phosphotungstic  acid  in 
five  per  cent  sulphuric  acid  was  added  until  no  further  precipitate 
occurred.  The  precipitate  was  washed  with  dilute  phosphotungstic 
acid  in  sulphuric  acid,  ground  in  a  mortar  with  barium  hydrate,  and 
repeatedly  extracted  with  distilled  water.  The  aqueous  extracts  were 
collected,  filtered  through  filter  paper,  and  to  the  filtrate  sufficient 
sulphuric  acid  added  to  remove  the  barium  quantitatively.  The 
barium  sulphate  was  filtered  off,  and  the  filtrate  evaporated  on  the 
water  bath  to  a  thick  brown  paste.  The  filtrate  from  the  phospho- 
tungstic precipitate  was  treated  with  bartum  to  remove  the  phos- 
photungstic acid,  filtered,  and  the  excess  of  barium  removed  by 
adding  sulphuric  acid,  the  barium  sulphate  filtered  off,  and  the  filtrate 
evaporated  on  the  water  bath. 

Of  the  two  series  of  experiments  the  first  {Series  V)  test  the  action 
of  the  phosphotungstic  acid  precipitate,  the  second  (Series  VI}  the 
action  of  substances  not  precipitable  with  phosphotungstic  acid. 

SERIES   V. 
Phosphotukgstic  Acid  Pbecifitate  +  Musclb  Juice  +  Glucose. 


No.  of 
exp. 

'"gufcOK.'" 

Time. 

Final 
reduction  in 

gluCOM. 

Calculated 

diminution  of 

glucose. 

Diminulion 
of  glucose. 

1 

2.187 

2+ 

lASO 

0.437 

laa 

2 

3636 

20 

3.373 

0.25S 

7.1 

3.906 

20 

3,125 

0.781 

2ao 

^ 

3.67.S 

20 

2.975 

0-700 

19.0 

3A7S 

20 

2.450 

1.225 

33.3 

1J2S 

20 

1.096 

0  229 

173 

1.412 

40 

1.3Z3 

0.0S9 

6.3 

l.SOO 

40 

1350 

0.1S0 

10.0 

2.906 

40 

2.350  ■ 

0.4S6 

15.7 

It  is  clear,  from  a  consideration  of  the  above  experiments,  that  the 
active  pancreatic  component  is  precipitated  almost  or  quite  com- 
pletely with  the  aid  of  ihe  phosphotungstic  acid.  Further  efforts 
at  separation  and  purification  of  the  substance  are  now  under  way 
in  this  laboratory. 
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Third  Experihbnts. 

The  following  experiments  were  performed  to  determine  the  effect 
upon  other  sugars,  a  pentose,  a  hexose,  and  a  di-«accharide,  of  muscle 
and  pancreas  in  conjunction. 

SERIES  VI. 
Filtrate  from  Phosphotonostic  Acid  Precipitatb  +  Moscle  Juice  +  Gi.rcosB. 


No.  of 

exp. 

Original  reduc- 
tion in  glucose. 

i 

Time. 

Final  reduc- 
tion in  glucose. 

Calculated 

diminution  of 

glucose. 

Diminution 
of  glucose. 

1 

1         3.716 

24 

3.718 

-0.002 

ft  tat. 

-ai 

2 

1         3.911 

26 

3.897 

0.014 

04 

3 

3.212 

24 

3.203 

0009 

0.3 

4 

1          3  214 

26 

3.216 

-0.002 

-0.1 

SERIES   VII, 
Fresh  Pancreas  Juice  +  Muscle  Jui 


No.  of 

Original 
levulose. 

Time. 

Filial 
reduction  in 

Calculated 

diminution  of 

levulose. 

Diminution 
of  levulose. 

1 

3W 

24' 

3^2 

-aoos 

^01 

2 

2.785 

24 

2.777 

aoos 

03 

Average  .... 

.     .    0.11 

.  Alcoholic 

Extract  of 

Bo]LF,D  Pancreas  +  Levulose 

1 

3.217 

26 

3.202          '           0.01S 

0.^ 

2 

3.217 

36 

3.197          \           a020 

0,7 

3 

2.783 

24 

2,797         I       -a014 

-0.5 

4 

2.783 

40 

2.69S                     0.0S8 

3.2 

Average  .... 

.    0.97 
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SERIES  VIII. 
Fresh  Pancreas  Juice  +  Muscle  Juice  +  Arabinosb. 


No.  of 

eip. 

Original 
reducdoD  in 

Time. 

Final 
redaction  in 

of  arabinose. 

1 

2 

3?14 
3.171 

24 
24 

3T16 
3.1S9 

0.002 
0.012 

■^.iz 

0.4 

Alcoholic  Extract  of  Boiled  Pancreas  +  Muscle  Juice  +  Arabinose. 

1 
2 
3 

2.911 
3.112 

24 
40 
24 

2.903                    0.008 
2.913                  -a002 
3.100                     0.012 

-ai 
0.4 

SERIE.S   IX. 
Fresh  Pancreas  Jdice  +  Muscle  Juice  +  Lactose. 


No.  of 
exp. 

Original  reduc- 
tion in  lactose. 

Time. 

Final  reduc 
tion  in  lactose. 

Calculated 

diminution  of 

lactose. 

Diminution 

of  lactose. 

1 
2 

4T12 
3.979 

24' 

24 

4Til 
3.998 

aooi 
-aoi9 

putnt 

0.5 
-0.5 

Alcoholic  Extract 

of  Boiled  Pancreas  +  Muscle  Juice  + 

Lactose. 

1 
2 
3 

4.535 
3918 
3.918 

24 
24 

48 

4.S27 
3.901 

3.907 

0.008 
-0.017 

0.011 

0.Z 

-0.4 

0.3 

The  results  of  the  above  experiments  clearly  indicate  that  Cohn- 
heim's  mechanism  is  designed  to  destroy  glucose  alone,  and  is  more 
specific  in  its  action  than  the  yeasts  and  other  carbohydrate  attacking 
ferments.  In  the  one  experiment  with  positive  result  of  the  above 
series,  when  3.2  per  cent  of  the  levulose  content  was  destroyed,  it 
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is  possible  that  bacterial  contamination  occurred,  or,  in  the  long 
experiment,  the  ordinary  mechanism  of  autolytic  cleavage,  which 
may  well  be  different  from  the  physiological  co-operation  of  muscle 
and  pancreas,  may  have  produced  the  result;  finally,  it  is  possible 
that  levulose  is  destroyed  to  a  very  slight  extent  by  the  physiological 
co-operation. 

In  any  case  these  experiments  indicate  with  certainty  the  occur- 
rence of  a  highly  specialized  mechanism  for  the  destruction  of  glu- 
cose in  muscle,  and  accordingly  they  constitute  one  argument  for  the 
theory  that  glucose  is  the  immediate  source  of  muscular  energy. 

It  remains  to  be  pointed  out  that  the  negative  outcome  of  these 
experiments,  with  one  exception,  argues  very  strongly  against  the  con- 
tamination of  the  mixture  here  and  elsewhere  with  micro-oganisms. 


Fourth   Experiments. 

The  following  experiments  were  carried  out  to  test  the  action  of 
trypsin  upon  the  active  muscle  substance,  in  the  hope  that  thus 
an  explanation  of  the  inhibitory  action  of  a  large  quantity  of  the 
expressed  juice  of  pancreas  might  be  furnished. 

Evidently  some  constituent  of  pancreatin  and  of  the  expressed 
juice  of  fresh  pancreas  has  a  deleterious  effect  upon  the  active 
muscle  substance.  Not  improbably  this  substance  is  trypsin.  These 
experiments  oEEer  a  simple  explanation  of  the  greater  activity  of 
alcoholic  extract  of  boiled  pancreas,  particularly  because  the  alcoholic 
extract  of  boiled  pancreas  even  in  great  amount  seems  to  exert 
no  inhibitory  effect.  It  may,  moreover,  be  pointed  out  that  sodium 
bicarbonate  used  by  previous  workers  is  peculiarly  favorable  to  the 
action  of  trypsin. 

Summary. 

1.  Confirming  Cohnheim,  it  is  shown  that  pancreas  alone  is  inca- 
pable of  destroying  appreciable  amounts  of  d-glucose;  muscle  alone 
can  destroy  small  quantities  of  glucose;  while  small  quantities  of 
the  expressed  juice  of  pancreas  mixed  with  muscle  juice  destroy  con- 
siderable quantities  of  glucose.  Even  more  effective  in  this  co-opera- 
tion than  pancreas  juice  is  the  alcoholic  extract  of  boiled  pancreas. 

2.  The  active  pancreatic  substance  is  completely  precipitated  by 
phosphotungstic  acid. 
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No.  of 
eip. 

Original  reduc- 
tion in  glucose. 

Time. 

Final  reduc- 
tion in  glucose. 

Calculated 

of  glucose. 

1 

4^22 

24' 

4527 

ooos 

-0.1 

Alcoholic  Extract  of  Pancrbas  +  Glucose  +  Muscle  Juice. 

1                4.617 

24 

4.Sn                     ftl06 

23 

Alcoholic  Extraci-  of  Pancreas  +  Glucose  +  Musclk  Juice  Digestud  in 
Thkrhostat  for  Twelve  Hours  witk  Pancreatin. 

1 

3.944 

24          1          3.939 

0.005 

0.1 

2 

4.111 

Z4          I          4.007 

0.10* 

2.5 

Fresh  Pancreas  Juice  +  Muscle  Juice  +  Glucose, 

1 

2.787 

24 

2.700 

0.087 

3.1 

2 

2.302 

24 

2226 

0.076 

33 

3 

3.011 

24 

2.920 

0.090 

3.0 

4 

3.117 

24 

3.106 

0.011 

a4 

5 

3.304 

24 

3.311 

-0.007 

-0.2 

hours;  in  Eiperiment3,  afteteight  hoara;  in  Experiment  4|  after  sixteen 
in  Experiment  S,  after  twenty-four  hours  of  action  in  the  thennoscat  of  j 
pancreas  on  muscle.    In  all   cases  the  experiment  was  continued  for 
hours  after  the  addition  of  glucose. 

2,  after  four 

ice  oE  fresh 
twenly-four 

3.  Under  the  same  circumstances  neither  arabinose,  nor  lactose, 
nor  levulose  in  material  quantity  is  subject  to  the  same  destruction, 

4.  The  action  of  bacteria  to  destroy  glucose  in  these  experiments 
is  shown  to  have  been  absent  by  the  failure  of  the  mechanism  with 
other  sugars  and  by  the  proved  sterility  of  the  mixture. 
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5.  Trypsin  or  another  coosdtaeDt  of  th«  pancreas  has  a  harmia! 
effect  upon  the  active  muscle  substance,  a  fact  which  may  perhaps 
account  for  the  apparent  inhibition  sometimes  observed. 

6.  In  such  experiments  the  use  of  a  mixture  ci  mono-  and 
di-sodinm  phosphates  to  preserve  neutrality  is  advantageous. 
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HYDROLYSIS  OF  PHASEOLIN.i 

Bv  THOMAS    B.  OSBORNE  and  S.  H.     CLAPP.  ' 

[FriHn  tht  Laboraiery  ef  The  Conmcticut  Agricultural  ExftrimenI  Stalieii.^ 

PHASEOLIN  is  a  globulin  which  forms  nearly  all  of  the  protein 
substance  of  the  white  or  kidney  bean  (Phaseolus  vulgaris). 
This  protein  was  formerly  called  legumin,  and  was  described  by 
Ritthausen^  at  first  under  this  name.  Subsequently*  he  showed  that 
it  differed  very  distinctly  from  the  tegumin  of  other  leguminous 
seeds,  but  did  not  give  it  any  distinctive  name.  One  of  us'  later 
made  an  extensive  study  of  the  proteins  of  this  seed  which  confirmed 
most  of  Ritthausen's  observations  and  showed  that  preparations 
made  under  a  great  variety  of  conditions  were  of  the  same  ultimate 
composition.  Ko  evidence  was  obtained  which  indicated  that  this 
globulin  was  not  a  definite  protein  substance,  and  it  was  therefore 
named  phaseolin.  A  small  amount  of  another  protein,  phaselin,  was 
found  in  this  seed,  which  was  separated  from  the  extracts  by  pro- 
longed dialysis  in  distilled  water  or  in  alcohol  or  by  heating.  This 
protein  differed  in  composition  and  properties  from  phaseolin,  from 
which  it  could  be  separated,  in  consequence  of  its  extreme  solubility, 
in  very  dilute  saline  solutions. 

Although  the  former  study  of  this  seed  has  shown  that  fractional 
precipitations  of  phaseolin  were  of  uniform  composition,  we  have 
thought  it  desirable  to  supplement  the  former  work  by  fractional  pre- 
cipitations from  ammonium  sulphate  solutions  whereby  we  also  hoped 
to  obtain  the  phaseolin  in  a  crystalline  condition. 

Crystalline  products  were,  in  fact,  obtained,  but  the  conditions  of 
crystallization  were  so  difficult  to  maintain  that  completely  crystal- 
lized preparations  were  not  secured. 

1-  The  wpenaw  of  this  investigation  were  shared  by  The  Connecticut  Agricultural 
Experiment  Station  and  The  Carnegie  Institution  of  Washington,  D.  C. 
^  Ritthausen:  Die  Eiweisskoerper,  etc.,  Bonn,  1872. 
'  Ibid.  ;  Journal  fiir  praktische  Chemie,  1S84,  x:cix,  p.  452. 
*  Osboknb:  Journal  American  Chemical  Society,  1894,  xvi,  pp.  633,  703,  -jij. 
Z9S 
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Fractional  Precipitation  of  Phaseolin. 
This  fractionation  was  conducted  by  extracting  the  finely  ground 
beans  with  lO  per  cent  ammonium  sulphate  solution,  filtering  the  ex- 
tract perfectly  clear,  and  saturating  it  with  the  same  salt.  The  precipi- 
tate produced  by  saturation  with  ammonium  sulphate  was  suspended 
in  a  little  water  and  subjected  to  dialysis  until  a  part  of  the  salt  had 
been  removed  and  the  protein  dissolved  by  the  resulting  dilute  saline 
solution.  This  solution  was  then  filtered  clear  and  dialyzed  for  four 
days,  during  which  time  a  part  of  the  phaseolin  separated  in  octahe- 
dral crystals  mixed  with  spheroidal  forms  and  amorphous  substance. 
This  precipitate.  A,  was  filtered  out,  and  the  solution,  B,  was  returned 
to  the  dialyzer.  Precipitate  A  was  dissolved  in  lo  per  cent  ammonium 
sulphate  solution  and  its  clear  solution  dialyzed  for  four  days.  The 
precipitate  again  consisted  of  a  mixture  of  relatively  large  welt-formed 
crystals  and  non-crystalline  forms.  By  suspending  this  precipitate, 
A,  I,  in  the  solution  from  which  it  had  separated,  and  decanting,  after 
a  brief  subsidence,  and  repeating  this  process  several  times,  it  was 
possible  to  obtain  a  quantity  of  these  crystals  very  nearly  free  from 
non-crystalline  matter,  which,  when  washed  with  water  and  alcohol, 
formed  preparation   i,  having  the  following  composition :    . 

C5J.49;  H6.89;  N  15.88;  So,27  percent. 

The  substance  that  had  been  decanted  from  preparation  i  was 
filtered  out,  and  the  filtrate.  A,  a,  dialyzed  further.  The  substance 
filtered  from  this  solution  was  washed  with  very  dilute  ammonium 
sulphate  solution,  then  with  dilute  alcohol  of  gradually  increased 
strength,  and  dried  over  sulphuric  acid.  It  was  then  again  dissolved 
in  10  per  cent  ammonium  sulphate<solution,  and  the  part  that  had 
become  insoluble  on  drying  was  filtered  out.  This  weighed,  when 
dry.  8.3  gm.  The  solution  was  dialyzed  and  yielded  12.5  gm.  of  prep- 
aration 2  which  was  partly  crystalline,  and  gave  the  following  results 
on  analysis: 

C  52.51 ;  H  6.98 ;  N  15.83 ;  S  0.38  per  cent. 

The  solution.  A,  a,  after  dialyzing  for  seven  days,  gave  a  precipi- 
tate containing  some  crystals  which  weighed  58  gm.  This  prepara- 
tion, 3,  had  the  following  composition : 

C  53.73;  H  7.03;  N  15.81 ;  S0.33  percent. 
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Solution  B,  after  four  days'  further  dialysis,  gave  a  precipitate 
which  was  filtered  out,  and  the  solution  C  returned  to  the  dialyzer. 

The  precipitate  was  redissolved  in  10  per  cent  ammonium  sulphate 
solution  and  again  dialyzed.  The  resulting  precipitate,  preparation 
4,  which  was  partly  crystalline,  weighed  67  gm.  and  had  the 
following  composition : 

C  52.74;  H  6.79;  N  15.85  ;  S  0.36  per  cent. 

Solution  C,  after  dialyzing  for  seven  days  longer,  gave  a  precipitate 
containing  some  crystals  which  formed  preparation  5,  weighing 
22  gm.     This  was  analyzed  with  the  following  results  : 

C  52.11  ;  H  6.97  ;  N  15.44;  S  0,41  per  cent. 

The  analyses  of  the  fractions  forming  preparations  1-4  show  that 
the  globulin  thus  obtained  has  a  constant  composition.  Prepara- 
tion s  contains  less  carbon  and  nitrogen,  and  is  evidently  mixed 
with  a  little  phaselin  which  was  precipitated  by  the  prolonged  dialy- 
sis to  which  the  solution  had  been  subjected. 

Preparation  of  Phaseolin  for  Hydrolysis. 

In  preparing  the  large  quantity  ol  phaseolin  required  for  hydrolysis 
the  bean  meal  was  extracted  with  about  four  parts  of  2  per  cent 
sodium  chloride  solution  previously  heated  to  80°,  in  order  to  destroy 
any  enzyme  of  the  seed  which  might  lead  to  decomposition  of  the 
phaseolin  during  subsequent  dialysis.  After  agitating  with  the  solu- 
tion for  about  three  hours,  the  extract  was  filtered  on  paper  and  the 
residue  squeezed  out  in  a  press.  The  extract  thus  obtained  was 
filtered  perfectly  clear  through  a  dense  fell  of  paper  pulp  and,  pro- 
tected by  toluol,  dialyzed  in  running  water  for  four  days,  during 
which  time  most  of  the  phaseolin  was  precipitated.  The  dialysis  was 
not  continued  longer,  in  order  to  avoid  contamination  with  the  more 
soluble  globulin.  The  precipitated  phaseolin  was  collected  on  filters 
and  then  re-dissolved  in  5  per  cent  sodium  chloride  brine,  its  solution 
filtered  perfectly  clear,  and  again  dialyzed  for  four  days.  The  precipi- 
tate of  phaseolin  which  resulted  was  filtered  out  and  washed  thor- 
oughly with  water  and  alcohol,  dehydrated  with  absolute  alcohol,  and 
dried  over  sulphuric  acid.  The  preparation  thus  obtained  was  com- 
pletely soluble  in  salt  solution  before  washing  with  alcohol  and  drying, 
but  after  this  treatment  it  was  partly  insoluble  therein.     It  contained 
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0.74  per  cent  of  ash  and  10.45  P^''  <^c>it  of  moisture  in  the  condition 
in  which  it  was  used  for  hydrolysis. 


Hydrolysis  of  Phaseolin. 

Nine  hundred  and  eighty  grams  of  water  and  ash-free  phaseolin 
were  treated  with  a  mixture  of  1 100  c.c.  concentrated  hydrochloric 
acid  (sp.  gr.  =  1.2)  and  1 100  c.c.  of  water  and  heated  at  100  degrees 
for  eight  hours.  The  solution  was  then  boiled  for  twelve  hours 
in  a  bath  of  oil. 

After  concentrating  the  hydrolysis  solution  under  strongly  reduced 
pressure  very  sharply,  the  thick  syrup  was  esterified  with  alcohol  and 
dry  hydrochloric  acid  gas,  as  described  by  Fischer,'  and  the  free  esters 
liberated  with  sodium  hydroxide  and  potassium  carbonate. 

After  drying  with  potassium  carbonate  and  anhydrous  sodium  sul- 
phate, the  ether  was  distilled  off  on  the  water  bath  and  the  residue 
subjected  to  fractional  distillation,^ 

DlSriLLATION    A. 

Temp,  of  bath 
Fraction,  up  to 

I  7S° 


Pressure, 

Weight. 

14  mm. 

37-39  gm. 

4    " 

5376   " 

0.97    " 

121.60   " 

0.84    '• 

107.03    ■■ 

0.74    " 

44*5    " 

■     ■    364-03  gm. 

illed  residue  weighed 

147  gm. 

The  undls 

The  residue  which  remained  after  extracting  the  esters  with  ether 
was  freed  from  inorganic  salts  and  the  thick  syrup  containing  the 
hydrochlorides  of  the  amino  acids  esterified  as  before.*  As  consider- 
able ester  was  obtained,  the  aqueous  layer  was  again  freed  from  in- 
organic salts  and  the  esterification  repeated ;  but  the  yield  of  ester 
on  this  third  treatment  was  small.  The  united  esters  from  the  second 
and  third  esterification  were  distilled  together. 

*  Fischer,  E;  Zeilschrift  fiir  physiologische  Chemie,  1901,  xxxiii,  p.  151. 

*  la  view  of  the  Urge  quaotity  of  distillable  esier  yielded  by  phaseolin,  a  part 
of  the  ester  obtained  on  the  first  wa^  distilled   with  that  from   the  subsequent 

*  AuDERHALDEN,  E. :  Zeitschflft  fiir  physiologische  Chemie,  1903,  xxxvii, 
p,  484. 
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Distillation  B. 

Temp,  of  bath 
.n.               up  to                 Pressure. 

Weight. 

75° 

II  mm. 

10.94  gm. 

9°° 

7     " 

36.84  " 

>I3° 

0.97     " 

36.67  " 

i46» 

0.97     " 

44-37    " 

aoo" 

0.8s     '* 

37-34    " 

Total      .      .     . 

.    166.16  gm. 

The  undistilled  residue  weighed  i 

16  gm. 

The  fractions  were  worked  up  in  the  main  according  to  the 
directions  given  from  time  to  time  by  Emil  Fischer  and  Emil 
Abderhalden  and  their  collaborators. 

PiBctlon  I:  This  was  saponified  directly  after  collection  by  evapor- 
ating with  strong  hydrochloric  acid,  and  the  glycocoll  separated  as  the 
hydrochloride  of  the  ethyl-ester.  After  rccrystallizing  from  alcohol, 
it  melted  at  144°. 

Chlarine,  0.30I4  gm.  subst.,  gave  0.3095  gm.  AgCI. 
Nitrogen,  0.4183  gm.  subst.,  required  4.21  c.c.  5/7  N— HCI. 
Calculated  for  C,H,oO,NCl  =  N  10.05  J  CI  25.40  per  cent. 
Found        .     .     ,     .     =N  10.06;  CI  25.39    "      " 

The  yield  of  glycocoll  ester  hydrochloride  was  5.54  gm.,  equivalent 
to  2.98  gm.  of  glycocoll. 

The  remainder  of  the  fraction  consisted  largely  of  alanine,  of  which 
there  was  obtained  by  fractional  crystallization  4.81  gm. 

Temp,  of  bath 

Fraction.  up  to  Pressure,  Weight. 

j  A  81"  4  mm.  53-76  gm. 

I  B  90=  7     «  36.84   " 

The  fraction  was  sa{x>nified  by  boiling  with  water  for  eight  hours, 
when  the  alkaline  reaction  had  ceased.  The  solution  was  then  evap- 
orated to  dryness  under  reduced  pressure  and  the  proline  extracted 
with  boiling  alcohol.  The  insoluble  residue  subjected  to  fractional 
crystallization  yielded  22.69  S™-  "'  leucine. 

Carbon  and  hydrogen,  0.2607  gm.  subst,  gai-e  0.5227  gm.  CO]  and  0.2344  gm. 
H,0. 
Calculated  for  C,Hi,0,N  =  C  54.89 ;  H  10.01  per  cent. 
Found   ,     .     .     .    =  C  54.68     H    9.99    "      " 
The  substance  decomposed  at  about  298°. 
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The  fraction  further  yielded  10.20  gm.  of  suhstance  having  the 
general  properties  and  percentage  composition  of  amino-valerianic 
acid. 

Carbon  and  hydrogen,  0.1671  gm.  subst.,  gave  0.3 144  gm.  COt  and  o.  1440  gm 
H,0. 
Calculated  for  C(H„0,N  =  C  51.33  ;  H  9.48  per  cent. 
Found    ....     =051.31 ;  H  9.58    "      " 

ap«olflo  rotation.  —  0.7153  gm,  subst.,  dissolved  in  17.94  c.c.  of  20  per  cent 
hydrochloric  acid  rotated  in  2  dcm.  tube  1.89°  to  the  right  at  ao". 

<")  -£)  =  +»3-74°- 

On  again  recrystallizing  from  dilute  alcohol,  a  considerably  higher 
rotation  was  found. 

Spoolila  rotation.  —  0.8005  8™-  subst.,  dissolved  in  1 7.94  c.c.  of  so  per  cent 
hydrochloric  acid  rotated  in  3  dcm.  tube  a. a"  to  the  right  at  ao". 

(-)  ^  =  +24-660. 

E.  Fischer  and  Dorpinghaus'  obtained  for  their  preparation  from 
bom: 

(")  ^  =  +^5-9o°- 
And  a  similar  preparation  from  glutenin'  gave: 
(«)  X  =  +^5-63°. 

As  the  amount  of  amino-valerianic  acid  in  this  fraction  was  com- 
paratively large,  it  seemed  worth  while,  by  converting  to  a  derivative, 
to  compare  it  with  that  obtained  by  Fischer  and  Dorpinghaus  from 
horn  and  with  the  synthetic  of  Slimmer. 

The  amino-valerianic  acid  was  accordingly  racemized  by  heating 
with  baryta  under  pressure  and  again  submitted  to  fractional  crystal- 
lization. There  were  finally  obtained  2.45  gm.  of  substance,  which 
appeared  under  the  microscope  to  be  perfectly  homogeneous. 

>  FiscHEE  and  DOkpinghaus:  Zeilschrift  (iir  physiologische  Chemie,  1903, 
xxxvi,  p.  469. 

*  OsBOKNE  and  Clapp:  This  journal,  1906,  xvii,  p.  251. 
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Carbon  and  hydrogen,  o.i3i6gin.  subst.,  gave  0.2468  gm.  CO,  and  o.ii6ogin. 
H,0. 
Calculated  for  C,H,iO,N  =  C  51.22;  H  9.48  percent. 
Found   ....     =C  51.15  ;  H  9.79    "      " 

A  portion  was  then  converted  into  the  phenylisocyanate  derivative 
and  the  latter,  by  evaporating  with  hydrochloric  acid,  to  the  hydan- 
toine.  The  phenylisocyanate  derivative  crystallized  from  water  in  well- 
developed  hexagonal  plates  and  melted  constantly  at  161°  (corr.). 

Carbon  and  hydrogen,  0.3371  gm.  subst.,  gave  0.5315  gni.  COt  and  0.1507  gm. 
H,0. 
Calculated  for  C!,H„0,N»  =  C  60.95  '>  H  6.84  per  cent. 
Found       ....    =C  61.14;  H  7.06    "      " 

The  needles  of  the  hydantoine  melted  constantly  on  repeated 
recrys tall izat ion  from  ether  and  petroleum-ether  at  122.5^  (corn). 
While  Fischer  and  Dorpinghaus'  found  for  the  phenylisocyanate  de- 
rivative of  their  preparation  from  horn  (62.5°  (corn)  and  123"  (corr.). 
for  the  hydantoine;  while  Slimmer*  obtained  in  the  case  of  the  syn- 
thetic o-amino-iso-valerianic  acid  163.5°  (corr.)  for  the  phenylisocy- 
anate derivative  and  I24°-I2;°  (corr.)  for  the  hydantoine. 

The  remainder  of  the  fraction  consisted  essentially  of  glycocoll  and 
alanine,  and  for  the  isolation  of  the  former  it  was  found  necessary  to 
have  recourse  to  the  hydrochloride  of  the  ethyl-ester,  of  which  there 
was  obtained  4.44  gm.  of  melting-point  144°,  equivalent  to  2.38  gm. 
of  glycocoll.  The  filtrate  from  the  glycocoll  ester  hydrochloride  yielded 
12.84  gm.  of  alanine,  from  which,  after  considerable  difficulty,  a  prep- 
aration was  obtained  which  decomposed  above  290°  and  gave  the  fol- 
lowing results  on  analysis : 

Carbon  and  hydrogen,  0.2 131  gm.  subst,  gave  0.3139  gm.  CO,  and  0.1520  gm. 
H,0. 
Calculated  for  CH^OjN  =  C  40.40 ;  H  7.93  per  cent. 
Found.     .    .     .      =040.17;  H  7.92   "     " 

Fraction.  Temp,  of  bath  up  to        Pressure.  Weight. 

Ill  113°  0.97  mm.  158.17  gm. 

'  Fischer  and  D6rpikghaus:  Zeitsclmft  fiir  physiologische  Chemie,  1902, 
xjtxvi,  p.  470. 

^  Slimmer,  Max  I).:  Berichte  der  deutschen  chemiEchen  Geselischaft,  1902, 
xjocv,  p.  403- 
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This  was  saponified  by  boiling  with  water  for  seven  hours,  when  the 
solution  ceased  to  react  alkaline  to  litmus.  The  solution  was  then 
evaporated  to  dryness  under  reduced  pressure  and  the  residue  ex- 
tracted with  absolute  alcohol  to  remove  the  proline.  The  insoluble 
portion  was  then  fractionally  crystallized  from  water,  and  yielded 
71.09  gm.  of  leucine. 
Carbon  and  hydrogen,  o.i&t^  gm.  subst.,  gave  0.5674  gm.  CO^  and  0.2533  gm. 

■      H,0. 
Nitrogen,  0.2950  gm.  subst.,  required  3.13  c.c.  5/7  N— HCl. 

CiUculated  for  C,H„0,N  =  C  54.89  ;  H  lo.or  ;  N  10.70  per  cent. 

Found    ....     =€54.80;  H  9.93;  N  10.61    "      " 

The  substance  decomposed  at  about  398°. 

The  filtrate  from  the  leucine  contained  about  9  gm.  of  amino  acid, 
which  appeared  to  consist,  to  some  extent,  of  substances  usually 
obtained  in  the  higher  fractions,  among  which  aspartic  acid  was  iso- 
lated as  the  copper  salt.  It  seemed  also  to  contain  a  not  inappreci- 
•able  quantity  of  valine;  but  efforts  to  isolate  this  substance,  either 
as  the  free  acid  or  in  the  form  of  the  copper  salt,  failed. 

The  alcohol  soluble  substance  of  fraction  II  was  united  with  that 
of  fraction  III.  The  solution  was  evaporated  to  dryness  under 
strongly  reduced  pressure,  and  the  dried  residue  extracted  with  boil- 
ing alcohol.  On  prolonged  standing  a  considerable  precipitate  had 
separated,  but  its  identity  was  not  established.  The  filtrate  was 
again  evaporated  to  dryness,  and  the  dried  residue  proved  to  be  com- 
pletely soluble  in  absolute  alcohol. 

For  separating  the  racemic  from  the  laevo  proline  the  copper  salt 
was  employed.  The  part  remaining  undissolved  in  alcohol  gave  7.31 
gm,  of  racemic  proline  copper  salt,  equivalent  to  5.13  gm.  of  proline. 
Water,  0.ZI34  gm.  air-dried  subst.,  lost  0.0235  K""-  ^*  "o"- 

Calculated  for  C,„H„0,NjCu  s  H,0  =  HjO  11.00  per  cent. 

Found =  H,0  11.01   "      " 

Copper,  0.1871  gm.  subst.,  dried  at  110°,  gave  0.0505  gm.  CuO. 
Calculated  for  CuHi.O.NjCu  =  Cu  21.79  P*""  «nt. 
Found =Cu  21.54  "      " 

The  amorphous  copper  salt  of  l-proline,  when  dried  at  no", 
weighed  28.02  gm.,  equivalent  to  22,10  gm.  of  l-proline. 

For  identification  a  portion  was  converted  into  the  phenyl- 
hydantoine.  The  substance  crystallized  from  water  in  the  charac- 
teristic flat  prisms,  which  melted  at  143°. 
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Carbon  and  hydrogen,  0.2045  S*^-  subst.,  gave  0-4973  S"^-  ^Ot,  and  o.  1083  gm. 
H,0. 
Calculated  for  CisH,jO,N,  =  C  66.60  ;  H  5.61  per  cent. 
Found      ....      =  C  66.31 ;  H  5.88    "     " 


Fraction. 

Temp  of  bath 
up  to 

Pressure. 

Weight. 

'50" 

0.84  mm. 

107.03  gm. 

1460 

0.97  " 

44-37    " 

Total 

■      151-40   " 

The  fraction  was  treated  with  water,  and  the  phenylalanine  ester 
shaken  out  with  ether,  according  to  the  procedure  described  by 
Fischer  and  Abderhalden.*  The  ester  was  saponified  by  evaporation 
with  hydrochloric  acid.  The  phenylalanine  hydrochloride  weighed 
23.53  gm.,  equivalent  to  19.27  gm.  of  phenylalanine. 

For  identification  the  substance  was  converted  to  free  phenyl- 
alanine, and  to  the  difficultly  soluble  copper  salt. 

Carbon  and  hydrogen,  i3.\Z\^  gm.  so bst.,  gave  0.4355  gm.  COj  and  o.  11 07  gm. 

Nitrogen,  0.2011  gm.  subst.,  required  1,68  c.c.  5/7  N— HCI. 

Calculated  for  C,H„0,N  =  C  65.40;  H  6.73  ;  N  8.50  per  cent. 
Found    ....    =  C  65.47 ;  H  6.78;  N  8.35     "     " 

The  copper  salt  gave  the  following  analysis: 

Carbon  and  hydrogen,  0.2678  gm.  subst.,  dried  at  no*,  gave  0.5421  gm.  CO* 
and  0.1223  S^-  HjO. 
Calculated  for  C„HsoO,N;Cu  =  C  55. 1 2  ;  H  5. 1 5  per  cent 
Found =055.21;  H  5.07    "      " 

The  aqueous  layer  was  saponified  by  warming  with  excess  of 
baryta.  It  separated  on  standing,  32.38  gm.  of  asparttc  acid  as  the 
barium  salt. 

Carbon  and  hydrogen,  0.3330  gm.  subst,  gave  0.4286  gm.  COiand  0.1599  £™' 

H,0. 
Nitrogett,  0.3335  S™-  subsl.,  required  3.47  c.c.  5/7  N— HCI. 

Calculated  for  C,H;0,N  =  C  36.06 ;  H  5.31 ;  N  10.55  P«r  cent 
Found    ....     =036.19;  H  5.50;  N  10.40   "      " 

>  Fischer  and  ABnERHALDEN  :  Zeitschrift  fiir  physiologiscbe  Chemie,  1902, 
xjtxvi,  p.  274. 
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The  filtrate  from  barium  aspartate,  freed  from  barium,  yielded  8.63 
gm.  of  hydrochloride  of  glutaminic  acid,  equivalent  to  6.91  gm.  of 
the  free  acid. 

The  free  acid  decomposed  at  about  202''-303°  with  effervescence. 

Carbon  and  hydrogen,  0.3761  gm.  subst.,  gave  0.5593  gm.  C0»  and  o  ;io63  gm, 

H*0. 
Nitrogen,  0.4622  gm.  subst.,  required  4.34  c.c.  5/7  N— HCl. 

Calculated  for  C,H,0,N  =  C  40.82  ;  H  6.12  ;  N  9.52  per  cent. 
Found    ....     =C  40.56;  H  6.09  ;  N  9.39    "      " 

After  freeing  the  remainder  of  the  fraction  from  chlorine  with 
silver  sulphate,  there  was  further  obtained  35.95  gm.  of  copper  aspar- 
tate, equivalent  to  17.36  gm.  of  aspartic  acid.  The  substance  crys- 
tallized from  water  in  the  characteristic  tyrosine-Uke  bundles  of 
needles. 

Copper,  0.1023  gm,  air-dried  subst.,  gave  0.0292  gm.  CuO. 
Nitrogen,  0.1871  gm.  air-dried  subst.  required  0.96  c.c.  5/7  N— HCl. 

CalcuUted  for  C,HiO,NCu  ■  4J  H,0  =  Cu  33.06 ;  N  5.09  per  cent. 
Found =Cu  32.80;  N  5.13   "     " 

From  the  filtrate  from  the  copper  aspartate  no  definite  substance 
could  be  isolated. 


crion. 

Temp,  of  bath 
up  to 

Pressure. 

Weight. 

(A 

0.85  mm. 

37-34  gm. 

(B 

200° 

0.74   " 

44-15    " 

The  phenylalanine  was  separated  as  in  fraction  IV,  and  isolated  as 
the  hydrochloride.  There  were  obtained  of  the  latter  15.42  gm., 
equivalent  to  12,63  gf-  of  phenylalanine. 

The  aqueous  layer  after  saponification  with  baryta  separated,  on 
prolonged  standing,  large  clusters  of  the  barium  salt  o£  glutaminic 
acid.  The  substance  was  as  good  as  free  from  barium  aspartate ;  for 
on  decomposition  with  sulphuric  acid  it  yielded  14.20  gm.  of  glu- 
taminic acid,  which,  after  once  recrystallizing  from  water,  was  obtained 
in  perfectly  pure  condition. .  It  decomposed  at  about  202''-203°  with 
effervescence. 

Carbon   and  hydrogen,    0.3SS8   gm.    subst.,  gave  0.5818   gm.    of  CO,  and 
0.2201  gm.  HjO. 
Calculated  for  C.H.OiN  =  C  40.82  ;  H  6.12  per  cent 
Found  .     .     .     .     =  C  40.81  ;  H  6.29    "      " 
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The  filtrate  from  barium  glutaminate  was  freed  from  barium  with 
sulphuric  acid,  and,  after  concentrating  to  small  volume  under  re- 
duced pressure,  was  saturated  with  gaseous  hydrochloric  acid.  After 
long  standing  at  0°,  9.16  gro.  of  glutaminic  acid  hydrochloride  had 
separated.  Recrystallized  from  strong  hydrochloric  acid,  it  melted 
at  198°,  while  the  free  acid  decomposed  at  about  202^-203'  with 
effervescence. 

There  was  further  isolated  from  fraction  V,  1.66  gm.  of  aspartic 
acid  as  the  copper  salt.  After  removing  the  copper  the  remainder  of 
tbe  fraction  was  examined  for  serine,  and  of  this  substance  2.88  gm. 
obtained  by  fractional  crystallization  of  the  free  amino-acids. 

The  serine  decomposed  at  about  243°  to  a  brownish  mass  with 
effervescence.     The  aqueous  solution  tasted  sweet. 

Carbon  and  hydrogen,  0.2624  K™-  subsL,  gave  0.3190  gm.  COj  and  o,  1591  gm. 
H,0. 
Calculated  for  C,H,0,N  =  C  34.29 ;  H  6.67  per  cent. 
Found    .     .     .     .     =  C  34. 19 ;  H  6.73    "      " 

DiSTILLATlON    RESIDUE. 

From  the  undistilled  residue  of  A  and  B  there  was  further  isolated, 
after  saponification  with  excess  of  baryta,  87.92  gm.  of  the  hydro- 
chloride of  glutaminic  acid,  which  makes  the  total  weight  of  free 
glutaminic  acid,  isolated  by  the  ester  method,  98.91  ^m.,  or  10,1  per 
cent  of  the  protein,  which  is  about  70  per  cent  of  the  yield  obtained 
by  the  direct  method.  As  glutaminic  acid  separates  from  the  hy- 
drolysis solutions  of  phaseolin  with  difficulty,  we  made  an  examina- 
tion of  the  filtrate  remaining  from  the  former  determination  of 
Osborne  and  Gilbert^  and  succeeded  in  obtaining  2.21  per  cent  more 
glutaminic  acid,  making  the  total  14.54  P^r  cent. 

Residue  after  Estekification, 

The  residue  which  remained  after  removing  the  esters  with  ether 
from  the  original  solution  of  the  products  of  hydrolysis  was  exam- 
ined for  oxy-proline,^  with  a  negative  result.  In  its  place  there  was 
obtained,  as  in  gliadin  and  glutenin,*  0.87  gm.  of  pure  serine,  which 
decomposed  at  about  243°. 

'  Osborne  and  Gilbkkt  :  This  journal,  1906,  xv,  p,  333. 

^  Fischer,  E.  :  Berichte  der  deuischen  chemischen  Gesellschaft,  1902,  xxxv, 
p.  3660. 

'  Osborne  and  Clapp:  This  journal,  1906,  xvii,  pp.  242,  jsj. 
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Carbon  and  hydrogen,  0.2743  gm.  Gubst.,  gave  0.3444  gm.  CO,  and  o 
H,0. 
Calculated  for  CBH,OaN  =  C  34.39 ;  H  6.67  per  cent 
Found    ....     =C  34.24;  H  6.95    "      " 


No  attempt  was  made  to  isolate  cystine,  as  phaseolin  contains  less 
tlian  0.4  per  cent  of  sulphur. 


Forty  grams  of  phaseolin,  equal  to  37,2  gm.  dry  and  ash-free,  when 
decomposed  by  boiling  with  three  parts  of  sulphuric  acid  and  six 
parts  of  water,  yielded  0.8108  gm.  of  tyrosine,  or  2.18  per  cent, 

NUrogen^  0,2533  gm.  subst,  required  2.02  c.c,  5/7  N— HCl. 
Calculated  for  C,H,iOaN  =  N  7.75  per  cent. 
Found    .     .     .     .     =  N  7.97    "      '■ 


By  the  method  of  Kossel  and  Patten  44.76  gm.  of  dry  and  ash-free 

phaseolin  gave  a  solution  containing  arginine,  in  which  the  nitrogen 

was  equal  to  2.187  g™-  "^  arginine,  or  4.89  per  cent 

Nitrogen,  50  c.c.  solution  required  6.82  c.c.  5/7  N— HCl  =  0.0682  gm.  N  = 

0.682  gm.  N  in  500  cc.  =  2.115    g'"-    arginine,  adding  0.072  gm.  for 

solubility  of  the  silver  arginine  =  2. 187  gm.  =  4.89  per  cent 

The  arginine  was  converted  into  the  picrolonate  in  the  usual  way. 

Nitrogen,  0.1161  gm.  subst,  gave  26.8  c.c,  moist  N,  at  758  mm.  and  15°. 
Calculated  for  C.HnOjNi  •  CioHgO,N4  =  N  25.62  per  cent. 

Found =  N  25-71   "      " 

The  picrolonate  decomposed  at  226°-ii7°. 


The  solution  of  the  histidine  from  44.76  gm.  phaseolin  was  made 
up  to  500  c.c,  and  found  to  contain  nitrogen  equal  to  1.97  per  cent 
of  histidine. 

Nitrogen,  100  c.c.  solution  required  4.S  c.c.  5/7  N— HCl  =  0.0480  gm.  N  — 
o.  2400  gm.  N  in  500  c.c.  =  0.8S43  gm.  histidine  =  1.97  per  cent. 
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A  solution  containing  the  histidine  from  37.2  gm.  of  another 
preparation  of  phaseolin  contained  nitrogen  equal  to  1.74  per  cent 
of  histidine. 

Nilregen,  50  c.c.  required  1.79  5/7  N— HCl  =  0.0179  E™-  ^  =  0.179  fi^"-  '■* 
500  c.c.  =  0.66  gm.  histidine  =  1.74  per  cent. 

The  histidine  contained  in  the  phosphotungstic  acid  precipitate  ob- 
tained from  the  residue  of  the  esters  was  converted  into  the  dichloride 
which  crystallized  in  the  characteristic  rhombohedral  crystals,  and 
gave^on  warming,  the  biuret  reaction.  It  melted  at  about  230°  with 
effervescence. 

Chlorine,  0.2115  gm.  subst.,  dried  at  120°,  gave  0.2643  gm.  AgCl. 
Calculated  for  C.Hi,OjN»Cl,  =  CI  31.08  per  cent. 
Found =  CI  30.88    "      " 

Lysive. 
The   lysine   picrate   yielded   by   44.76  gm.  of  phaseolin  weighed 
4.1 1  gm.  =  i.6ocx)gni.  lysine,  or  3.57  per  cent. 

The  lysine  picrate  yielded  by  37,2  gm,  phaseolin  weighed  3.7485 
gm,  =  1,4593  gm.  lysine,  or  3.92  per  cent. 

NUrogtn,  0.1626  gm.  subst.,  gave  27  c.c.  moist  Nj  at  758.3  mm.  and  »2°. 
Calculated  for  C.Hi.O.N,  ■  CeH,0,N,  =  N  18.70  per  cent. 
Found       =  N  18.76    "      " 

The  following  table  gives  the  results  of  this  hydrolysis  of  phaseolin 
calculated  to  a  water  and  ash-free  basis: 

Gylcocoll 0,55     Serine 0.38 

Alanine             i.8d     Tyrosine        2.18 

Valine 1.04  Oxyproline    ....    undetermined 

Leucine       9-^S     Arginine        4.89 

Proline 2.77     Histidine 1.97 

Phenylalanine 3.25     Lysine 3.92 

Aspartic  acid 5>24     Ammonia 2,06 

Glutaminic  acid 14.54    Typlophane present 

Toul       54.27 

After  our  analysis  of  phaseolin  was  nearly  completed  Abderhalden 
and  Babkin  ^  published  an  analysis  of  the  monoamino  acids  of  tegumin 

'  Abderhalden  and  Babkin:  Zeilschrift  fiir  physiologische  Chemie,  1906, 
xlvii,  p.  3S4. 
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prepared  by  Ritthansen's  method  from  the  white  bean.  Although 
the  statements  of  Abderhalden  and  Babkin  leave  us  in  some  doubt 
as  to  the  identity  of  the  seed  used  by  them  with  that  used  by  us, 
and  also  as  to  which  of  the  three  methods  employed  by  Ritthausen 
was  used  by  them  in  making  their  legumin,  it  seems  probable  that 
the  same  protein  substance  served  for  their  analysis  as  for  ours.  On 
this  assumption  a  comparison  of  their  results  with  ours  shows  that  a 
satisfactory  agreement  can  be  obtained  with  Fischer's  method  by 
difTerent  operators  working  wholly  independently. 

The  results  obtained  by  Abderhalden  and  Babkin  were:  glycecoll, 
i.o;  alanine,  2.8;  valine,  i.o;  leucine,  8.2;  proline,  2.3;  phenyl- 
alanine, 2.0;  aspartic  acid,  4.0;  glutamintc  acid,  16.3;  tyrosine,  2.8; 
total,  40.4  per  cent 

In  conclusion  we  wish  to  acknowledge  our  indebtedness  to  Mr.  I.  F. 
Harris  for  the  service  which  he  rendered  in  the  preparation  of  the 
large  quantity  of  phaseolin  used  in  this  analysis. 

We  also  wish  to  express  our  thanks  to  Prof.  W.  P.  Bradley,  of 
Wesleyan  University,  for  the  abundant  supply  of  liquid  air  which  he 
has  generously  placed  at  our  disposal  for  all  the  analyses  of  the  pro- 
teins thus  far  hydrolyzed  in  this  laboratory. 
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EFFECT  OF  PARTIAL  STARVATION  FOLLOWED  BY  A 
RETURN  TO  NORMAL  DIET,  ON  THE  GROWTH  OF 
THE  BODY  AND  CENTRAL  NERVOUS  SYSTEM  OF 
ALBINO  RATS. 

Bv  SHINKISHI  HATAI. 
[From  the  Wiilar  ImHUitt  e/  Anatomy  and  Bielegy,  Fhiladflphia.'] 

IN  my  previous  research  ( :o4)  on  the  effect  of  partial  starvation 
on  the  brain  of  the  albino  rat,  it  was  shown  that  in  the  experi- 
mented rats,  fed  with  starch,  beef  fat,  and  water  for  twenty-one  days 
(younger  group,  rats  thirty  to  forty  days  old ;  older  group,  rats  one 
hundred  and  fifty  to  two  hundred  days  old),  not  only  the  growth  of 
the  brain  was  stopped,  but  brain  substance  was  lost,  the  actual  loss 
from  the  weight  before  starvation  being,  on  the  average,  4.67  per  cent. 
In  such  experimented  animals,  also,  the  percentage  of  water  in  the 
brain  was  diminished  (79.08  per  cent  control,  and  78.84  per  cent 
experimented)  and  of  the  ether-alcohol  extracts  increased  (46.69  per 
cent  control,  and  47.61  per  cent  experimented  —  Hatai,  :o4). 

As  the  absolute  weight  of  the  brain  in  the  starved  group  was 
diminished,  and  as  the  relative  amount  of  the  extracts  was  increased, 
the  writer  inferred  that  the  protein  substances  had  been  most  af- 
fected. The  total  loss  in  the  body  weight  in  the  experimented  rats 
at  the  end  of  twenty-one  days  was  29.7  per  cent. 

Having  established  the  fact  that  the  brain  is  definitely  modified  as 
the  result  of  partial  starvation  for  twenty-one  days,  the  next  ques- 
tion was : 

Can  the  nervous  system  thus  affected  recover  when  the  animal 
is  returned  to  a  normal  diet?  The  present  research  was  undertaken 
in  order  to  answer  this  question. 

Altogether  thirty-two  rats,  representing  seven  litters,  were  used. 
One  half  of  each  litter  was  subjected  to  partial  starvation,  and  the 
other  half  used  for  control.  The  rats  were  so  grouped  that  at  the 
beginning  of  the  observation  the  average  body  weight  in  the  control 
group  balanced  that  in  the  experimented.     As  soon  as  the  young 


Digitized  by  Google 


3IO  Shinkiski  Hatai. 

albino  rats  reached  thirty  days  of  age,  the  experimented  groups  were 
fed  with  starch  (Oswego  cornstarch)  and  water  alone,^  while  the 
control  groups  were  fed  with  the  usual  diet,  —  corn,  cabbage,  milk, 
bread,  meat,  etc.  The  supply  of  food  for  both  groups  was  abundant. 
After  twenty-one  days  of  starvation  the  experimented  rats  were  at 
once  put  on  the  full  normal  diet,  and  then  fed  for  the  succeeding  one 
hundred  and  forty-nine  days  with  the  same  diet  as  was  given  to  the 
control  group.  When  the  rats  became  two  hundred  "  days  old,  they 
were  killed,  and  the  weight  of  the  central  nervous  system,  percentage 
of  water,  and  percentage  of  the  ether-alcohol  extracts  were  deter- 
mined. The  dissection  of  the  rats,  and  the  procedure  for  the  de- 
termination of  weight,  etc.,  were  carried  out  with  all  the  precautions 
used  in  the  previous  experiments. 

Body  weight.  —  As  is  shown  in  Table  I,  the  initial  weight  of  the 
experimented  male  rats  was  slightly  greater  (6.5  per  cent)  than  that 
of  the  male  controls,  while  that  of  the  experimented  females  was 
slightly  less  (5.5  per  cent)  than  that  of  the  female  controls.  As 
the  result  of  the  partial  starvation,  the  loss  in  the  body  weight  of  the 
experimented  group  was  24  per  cent  in  the  male,  and  21  per  cent  in 
the  female,  while  the  increase  in  the  control  group  for  the  same 
period  amounted  to  44.2  per  cent  in  the  male,  and  46.4  per  cent  in 
the  female.  Thus,  after  twenty-one  days  (e.  g.,  at  the  age  of 
30  -I-  21  =  S I  days),  the  difference  in  the  weight  between  the  control 
and  experimented  groups  became  very  large,  amounting  to  55  per 
cent  in  the  male,  and  60  per  cent  in  the  female,  the  weight  of  the 
control  group  being  taken  as  the  standard. 

In  my  previous  research  the  loss  in  the  weight  (younger  series, 
thirty  to  forty  days  old)  after  twenty-one  days  of  starvation  was 
even  greater;  the  average  for  both  sexes  being  32  per  cent,  as  con- 
trasted with  23  per  cent  in  the  present  research.  It  must  be  remem- 
bered, however,  that  in  the  earlier  experiments  the  rats  were  slightly 
older.  Thus  the  greater  loss  in  weight  in  the  previous  case  was, 
perhaps,  in  some  measure  due  to  the  reduction  of  fat. 

After  twenty-one  days  of  starvation  the  experimented  rats  showed 
marked  changes,  the  vertebral  spines  were  evident,  the  trunk  slightly 
curved,  the  pink  color  had  entirely  disappeared  from  the  soles  of  the 
feet  as  well  as  from  the  external  ear,  the  eyelids  were  partly  closed, 

'  The  beef  (at  was  omitted  in  the  present  experiment. 

*  It  was  found  in  our  laboratory  that  tlie  albino  rats  of  tvro  hundred  days  old 
are  fully  matured.    The  sexual  maturity  takes  place  at  about  seventy  days  of  age. 
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and  movements  were  rather  unsteady.  The  rats  in  this  state  were 
removed  to  the  other  cages  and  at  once  given  a  full  normal  diet.  The 
rapidity  of  recuperation  was  surprising,  as  it  took  only  three  or  four 
days  for  them  to  return  to  their  initial  weight. 


Figure  1.  —  Curves  showing  (he  body  weights  of  albino  rats  at  different  ages.     C,  con- 
ception, and  O,  the  date  of  birth  twenty-one  days   after  conception.    .• •  Malea 

Starved,     o oFemale  Starved.     Male  Control.    o----QFemaIe  Control. 


It  was  naturally  asked  whether  or  not  the  mere  distention  of  the 
stomach  was  responsible  for  the  rapid  recovery  in  the  body  weight. 
A  careful  examination,  however,  showed  that  this  was  not  the  case. 
Within  three  to  four  days  almost  all  the  evidences  of  disturbed  nutri- 
tion, enumerated  above,  entirely  disappeared.  The  pink  color  reap- 
peared in  the  soles  of  the  feet  and  the  external  ear;  the  eyes  were 
held  widely  opened,  the  trunk  became  straight.  The  movements, 
however,  were  not  so  steady  or  so  active  as  in  the  normal  rats.  An 
interpretation  of  this  rapid  recovery  is  postponed  until  the  composi- 
tion of  the  urine  during  such  a  period,  as  well  as  some  other  points, 
have  been  determined. 

The  daily  increase  or  decrease  in  weight  is  shown  in  Fig.  I.     At 
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Control  Rats  (Males). 

Body  weighi. 

Weight  of 

Percentage,  water.       1 

Initial. 

After 

21  days. 

Final. 

Brain. 

Sp.  cord. 

Brjin. 

Sp.  cord. 

23.6 

60.3 

2115 

1.7810 

0.5520 

P-'Mnt. 

77.36 

69.61 ' 

25.6 

48.6 

2333 

1.8030 

0.5348 

77,79 

70,26 

27.2 

560 

205.0 

1.7988 

0.S6I4 

77,79 

69,50 

28.2 

.S4.0 

1S84 

1.7214 

0,5330 

77.13 

69.60 

31-4 

55.6 

228.8 

19264 

05894 

77,28 

69.90 

36.2 

59.8 

199.2 

1,7641 

0.5168 

77.60 

70.54 

42.7 

76.4 

223.4 

1,8847 

0,5814 

77,27 

6938 

43.2 

74.2 

211.2 

1.8634 

0.5415 

77,80 

69.56 

58.6 

83.0 

318.4 

2,1862 

0.6548 

77.51 

69.06 

Averages.                                .                          1 

3S.2 

63.1 

224.4 

1.8587               0,5628 

77.50 

■     69.71 

CoNTKOi.  Hats  (Femalks). 

24.2 

72.4 

1612 

1,6644 

0,4770 

77.60             70,10 

26.5 

59.0 

141.3 

16864 

0.4866 

77,44             69.Z1 

26.8 

54.8 

1.54,2 

17018 

0-4864 

77,65        '       69,10 

42.5 

75.8 

188.8 

1,8664 

0,5,';82 

77,34              69.13 

46.2 

74,6 

201.6 

1,9063 

0,5834 

77.39       i       69.22 

51.6 

70.2 

188.2 

1.9272 

0,5587 
.... 

77.58       1       69J52 

....    '    .... 

Averages.                                                           1 

36.3 

67.8 

172,6 

1.7905 

0.5250 

77.50 

69.40 
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TABLE 

I  (CeiUinued). 

EXFERIHENTGD   RATS    (MALES). 

Percentage,  water. 

Weight  of 

Body  weight.                  1 

5p.  cord. 

Brain. 

Sp.  cord. 

Brain. 

Final. 

After 
21  days. 

Initial 

Tl!»' 

"Js-os 

0.5106 

1.7930 

199.7 

20.8 

27.2 

69.97 

7754 

0J482 

1.7507  .  . 

196.3 

225 

27.S 

70.95 

77.90 

0.4978 

1.6138 

194.0 

22.2 

28.8 

69.79 

77.74 

0.5714 

1.9514 

228.7 

23.8 

31.1 

7a20 

77.82 

0.5940 

2J)681 

262.0 

250 

32.0 

70.47 

77.68 

0.5460 

1.7696 

2155 

26.4 

32.0 

69.97 

77.91 

aS902 

1.8779 

256.0 

30.4 

40.8 

69.66 

77.39 

05988 

1.9493 

281.0 

32.2 

43.9 

69.05 

77.52 

0.5926 

1.9774 

259.0 

38.2 

52.2 

69.46 

77.61 

0.7162 

2.1154 

327.0 

42.4 

- 

Averages. 

70.05 

77.75 

0.5766 

15866 

242.0 

■     28.4 

37.6 

Experimented  Rats  (Fe 

wales). 

71-11 

77.90 

0.4120 

1.5614 

130.0 

20.2 

24.0 

7051 

7aoi 

0.4520 

1.5696 

138.2 

21.4 

24.6 

.      69.56 

77.64 

05152 

1.6800 

176.0 

28.9 

36.1 

69.46 

77.91 

0.5804 

1.8472 

1985 

29.7 

36.9 

70.85 

7752 

0.4858 

1.6372 

152.0 

26.3 

37.8 

69.92 

77.60 

0.SS93 

1.8811 

181.0 

32.4 

40.0 

69.21 

77.41 

0.5574 

1.8606 

199.0 

3ao 

40.9 

Averages.                                                           1 

7aio 

77.75 

0.S089 

1.7196 

167.8 

27.0 

34J 
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the  end  of  two  hundred  days  the  final  weight  in  the  experimented 
and  in  the  control  was  242  and  224  gm.  respectively,  in  the  case  of 
the  males,  and  173  gm,  and  168  gm.  in  the  case  of  the  females; 
that  is,  the  experimented  male  rats  were  slightly  heavier  (7.4  per 
cent)  than  in  the  controls,  while  in  the  case  of  the  females  the  con- 
trol rats  were  the  heavier  (2.5  per  cent). 

The  comparison    between  the   initial  and   final   weight   is   shown 
in  Table  II. 

TABLE  n. 


Jodywdgh.. 

Ratio  beiwee 

After 

Total 

initial  and 

21  day.. 

Final. 

gain. 

final. 

63.1 

2244 

.89.2 

.  :  6.37 

28.4 

242.0 

204.4 

:6.43 

67.5 

172.6' 

136.3 

■  4-7S 

Male,  controls       .     .  35.2 

Male,  experimented  .  .  37.6 

Female,  controls  .     .  .  36.3 

Female,  experimented  .  34.3        27.0        167.8 '      133.5             ■  4-^9 

From  the  above  it  is  seen  that  the  absolute  gain  in  weight  is  . 
slightly  greater  in  the  experimented  males,  and  slightly  smaller  in 
the  experimented  females,  as  compared  with  their  controls.  The 
ratios,  however,  show  that  the  relative  gain  is  approximately  the 
same  in  both  experimented  and  control  groups,  although  slightly 
greater  in  the  case  of  the  experimented  rats  in  both  sexes. 
'  I  therefore  conclude  that  so  far  as  the  body  weight  is  concerned, 
the  experimented  rats  have  completely  recovered  from  the  effect  of 
the  twenty-one  days  of  partial  starvation. 

It  has  been  frequently  observed  by  different  investigators  —  Coude- 
reau  ('69),  Pagliani  i^j^,  and  others  —  that  the  growth  of  the  body 
in  recuperation  is  very  rapid  in  the  children  whose  growth  has  been 
temporarily  disturbed  by  illness  or  other  unfavorable  conditions. 
This  observation  is  well  supported  by  the  present  experiments.  Ag 
is  shown  in  Table  I,  as  well  as  in  Fig.  I,  the  recovery  in  the  weight 
is  most  astonishing,  especially  during  the  first  three  or  four  days, 
within  which  time  the  starved  rats  regain  the  weight  lost  during 
the  twenty-one  days  of  starvation.  Later  the  increase  in  weight 
is  very  steady,  though  not  as  rapid  as  during  the  first  few  days, 
until  the  rat  has  reached  the  age  of  one  hundred  and  fifty  days, 
and  after  this  age  increase  in  weight  is  relatively  slow. 

What  will   happen  to  such  rats  during  the  later  portions  of  the 

*  The  body  weight  in  both  control  and  experimented  is  small  for  the  age. 
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span  of  life  has  yet  to  be  determined  in  order  to  answer  the  ques- 
tion whether  this  partial  starvation  in  early  life  has  any  influence 
either  on  longevity  or  the  onset  of  old  age. 

Weight  of  brain  and  spinal  cord.  —  After  the  body  weight  had 
been  taken,  the  brain  and  spinal  cord  were  removed  separately, 
and  their  weights  were  carefully  determined.    The  spinal  cord  was 


TABLE   III. 

Body  welghi. 

Sp.  cord. 

Male,  controls   .    .    . 

.      234 

..8587 

0.5683 

Male,  experimented    . 

.      243 

1.8866 

0.5766 

Female,  controls    .    . 

■      173 

1-790S 

0-5350 

Female,  experimented 

.      168 

,1.7196 

0.5089 

severed  from  the  encepbalon  at  the  tip  of  the  calamus  scriptorius. 
The  spinal  roots  were  cut  off  as  close  to  the  cord  as  possible.  The 
results  obtained  are  seen  in  Table  III. 

As  it  stands,  the  weight  of  the  central  nervous  system  in  the 
experimented  male  is  heavier,  and  in  the  experimented  female 
lighter,  when  compared  with  the  corresponding  controls.  Since 
the  brain  weight  is  closely  correlated  with  the  body  weight,  we 
should  expect  a  heavier  brain  weight  in  the  heavier  individuals, 
and  therefore  it  is  desirable  to  determine  whether  or  not  the  brain 
weights  found  in  the  exfwrimentcd  rats  correspoad  with  the  given 
body  weights.  Dubois  ('98)  found  that  in  man,  at  maturity,  the  brain 
weights  were  related  as  the  fourth  roots  of  the  body  weights. 

Dh^r^  and  Lapique  ('98)  have  determined  a  like  relation  for  dogs 
of  different  sizes  where  they  found  a  good  accordance  between  the 
observed  and  calculated  results.  An  application  to  the  present  data 
of  this  law  given  by  Dubois  for  the  human  brain  weights,  shows  that 
in  the  case  of  the  males  1.8866  gm.  of  brain  in  the  experimented 
males  should  correspond  to  the  body  weight  of  238.3  gm.,  instead  of 
242  gm.,  when  the  relations  in  the  control  group  are  used  as  a  standard. 
The  difference  (3.7  gm.)  is  too  small  to  be  considered  signtflcant.  It 
is  therefore  quite  safe  to  conclude  that  so  far  as  the  relation  between 
brain  weight  and  body  weight  in  the  male  is  concerned,  the  starvation 
effect  has  been  completely  removed.  In  the  case  of  the  female  we 
have  some  difficulty  in  applying  Dubois'  law,  since  the  brain  weigh'' 
in  the  control  group  is  too  high '  for  the  given  body  weight.     Accord- 

^  This  fact  was  determined  by  examining  some  ten  record*  preserved  in  our 
archives,  for  female  rats  having  a  body  weight  of  about  173  gm. 
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ing  to  Dubois'  law,  the  figures  for  the  control  group  being  taken  as 
the  standard,  a  brain  of  1.7196  gm.  found  in  the  experimented  group 
should  correspond  to  body  weight  of  147.3  g"*'  instead  of  168  gm., 
as  observed.  It  was  found  that  according  to  our  standard  curve 
1. 7196  gm.  of  brain  weight  there  corresponds  to  the  body  weight  of 
162  gm.,  or  6  gm.,  less  than  that  observed.  This  difference  is  negli- 
gible in  view  of  the  variability  in  this  relation,  and  therefore  it  seems 


Percentage  of  water. 

Encephalon.  Sp-  cord, 

per  cent.  per.cent. 

Male,  controls 77-S'*  ^9-7' 

Male,  experimented      ....     77.75  70-05 

Female,  controls 77-5°  69.40 

Female,  experimented  ....     77  75  70.10 

safe  to  conclude  that  in  the  experimented  female  group  partial  star- 
vation has  no^  permanently  modified  the  relation  of  brain  weight  to 
body  weight. 

In  regard  to  the  weight  of  the  spinal  cord,  it  is  clearly  shown  that 
the  cord  also  follows  body  weight  in  the  same  manner  as  does  the 
brain,  but  the  details  have  not  been  worked  out.^ 

Perosntafe  c^  crater  in  the  oential  UMToaa  •ystem.  —  From  Table  IV 
it  is  clearly  seen  "that  percentage  of  water  in  both  encephalon  and 
spinal  cord  is  higher  in  the  experimented  rats  than  in  the  control 
rats. 

On  the  average,  the  difference  between  the  experimented  and  con- 
trol is  0.25  per  cent  in  the  encephalon  of  both  sexes,  and  0.34  per  cent 
in  the  male  spinal  cord,  and  0.70  per  cent  in  the  female,  always  in 
favor  of  the  experimented  groups.  Although  the  difference  shown 
is  small,  nevertheless  it  is  significant,  since  the  difference  appears  in 
all  but  one  instance  when  the  representatives  of  the  same  litter  are 
compared. 

From  unpublished  observations  in  this  laboratory,  it  has  been 
concluded  that  during  normal  growth  the  percentage  of  water  in  the 

'  An  application  of  Dubois'  law  to  the  weight  of  the  spinal  cord  shows  that, 
when  the  relations  in  the  control  group  are  used  as  a  standard,  0.5766  gm.  of 
spinal  cord  in  the  experimented  males  correspond  to  the  body  weight  of  247. 4gm. 
(difference  5.4  gm.),  and  0.5089  gm.  of  the  experimented  female  spinal  cord  to 
152.8  gm.  of  the  body  weight  (difFerence,  15.2  gm.).  These  calculated  values  of 
the  body  weighfagree  with  those  calculated  from  the  brain  weight,  indicating  that 
the  relation  of  the  spinal  cord  to  the  body  is  similar  to  that  of  the  brain. 
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L 

Litter  1.                                                           1 

Control  Rats. 

Experimented  Rats. 

Percentage,  water. 

Percent^e,  water. 

Body  weight. 

Body  weight 

Brain. 

Sp.  cord. 

Sp.  cord- 

Brain. 

2Z3.4  M. 

77.Z7 

*»38 

"^.66 

*77lra' 

M.  281.0 

18&8F. 

77.34 

69.13 

69J5 

77.41 

F.  199.0 

Litter  2,                                                            1 

318.4  M. 

77.51 

69.06 

69.46 

77.61 

M.  327.2 

201.6  F. 

77.39 

69.22 

69.46 

77.91 

F.  198.8 

188.2  F. 

77.58 

69.22 

69.90 

77.60 

F.  181.0 

69.56 

77.64 

F.  176,0 

Litter  3. 

211J  M.1      1        77.80 

69.56 

69.05 

77.52 

M.  2S9.0 

Ln-TER  4.                                                                   1 

199.2  M. 

77,60 

70.54 

69.97 

77.91 

M.256.Z 

70.47 

77.68 

M.21S8 

70.85 

77.82 

F.  152.0 

j                                                              Litter  5.                                                           1 

1        233-8  M. 

77.79 

70.26      11      70.20 

77.82 

M.  262.0 

1         228.8  M. 

77.28 

69.90      |l       71.06 

78.03 

M.  199.7 

205.0  M. 

77.79 

69.50              70.95 

77.90 

M.  194.0 

188.4  M. 

77.13 

69.60 

71.11 

77.90 

F.  130.0 

154.2  F. 

77.65 

70.10 

1   Litter3aloneisan  exce 
is  higher  than  in  the  experim 

tional  case  where  ihe  perce 
en  ted  rat. 

ntage  of  wate 

r  in  the  conitol 
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TABLE   V  (coHtinutd). 


Litter  6. 

CoKTHoi.  Rats. 

Experimented 

Rats. 

fiody  weight. 

Percentage,  water 

Percentage,  water. 

Body  weight. 

Brain. 

Sp.  cord. 

Sp.  cord. 

Brain. 

211J  M. 
m  J  F. 

77.44 

WAl' 
69.21 

'ffi>.79' 
69.97 

"77.74 
77£4 

M.  228.7 
M.  196,3 

Litter  7.                                                                  1 

161.2  F. 

77.60 

69.10 

70.81 

78.01 

F.  138.2 

nervous  system  of  the  rat  is  mainly  a  function  of  its  age,  and  is  but 
slightly  modified  by  the  weight  of  the  central  nervous  system  or  of 
the  size  of  the  body  (Donaldson).  In  these  experiments,  however, 
the  relation  of  age  to  the  nervous  system  is  considerably  modified 
in  the  experimented  rats,  since  not  only  the  growth  of  the  nervous 
system  has  been  completely  stopped  for  twenty-one  days,  but  the 
percentage  of  water  was  diminished  (79.08  per  cent  control,  and 
78.84  per  cent  experimented  —  Hatai,  104)  by  this  treatment.  There- 
fore the  higher  percentage  of  water  found  in  the  central  nervous 
system  of  the  experimented  rats  after  recovery  may  mean  one  of 
two  things:  (i)  As  the  result  of  partial  starvation,  the  destructive 
process  which  has  been  traced  (see  previous  paper,  Hatai,  :o4,) 
might  produce  a  diminution  of  nerve  tissue,  and  the  relatively  higher 
content  of  water  might  be  due  merely  to  an  accumulation  of  fluid 
occupying  the  spaces  which  had  been  so  developed  ;  (2)  It  may  in- 
dicate a  much  more  active  metabolic  process,  and  be  an  indication  of 
recuperative  activity. 

The  second  assumption  seems  the  more  probable,  since  the  weight 
of  the  central  nervous  system  was  normal  in  relation  to  the  body 
weight,  indicating  that  there  was  not  a  mere  accumulation  of  the 
fluid  occupying  newly  formed  spaces,  for  this  would  have  tended  to 
reduce  the  brain  weight. 
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Recently  Watson  (105)  made  observations  on  the  effect  of  the 
bearing  of  young  upon  the  body  weight  and  the  weight  of  the  central 
nervous  system  of  female  albino  rats,  where  he  has  shown  that  the 
brain  and  spinal  cord  of  the  mated  individuals  contained  a  slightly 
higher  percentage  of  water. 

He  gives  the  following  percentage  values: 

Percentage  of  water. 

Brain.  Sp.  cord, 

per  cent.  per  cent. 

Mated  (average  —  8  rats)      .     .     .     77.47  68.51 

Unmated  (average —  10  rats)     .     .     77.37  68,29 

Watson's  experiments  may  be  considered  analogous  to  mine,  as  he 
is  also  dealing  with  animals  that  have  passed  through  a  period  of 
partial  starvation,  since  during  lactation  the  mother  loses  body  weight 
to  quite  an  extent  (Minot,  '91 ;  Watson,  :o5).  Although  it  is  impos- 
sible at  the  present  moment  to  make  any  definite  statement,  our 
observations  on  partial  starvation  suggest  that  the  higher  percentage 
of  water  found  in  the  rats  bearing  young  might  have  been  produced 
as  the  effect  of  temporary  retardation  of  the  growth  of  the  nervous 


Male,  controls 50.61  68.8] 

Male,  experimented     ....  50.36  68.54. 

Female,  controls 49'5<^  68.87 

Female,  experimented .     .    .    .  4.9.16  68.40 

system  followed  by  recovery.  This  can  be  determined  only  by  a 
study  of  the  nervous  system  during  the  period  of  greatest  retardation 
in  rats  bearing  young. 

It  remains,  moreover,  to  be  determined  whether  or  not  our  experi- 
mented rats  will  in  this  respect  recover  entirely  from  this  condition 
which  is  produced  by  the  twenty-one  days  of  partial  starvation. 

In  the  normally  grown  rats  the  percentage  of  extracts  in  the 
nervoui  system  is  also  a  function  of  age,  and  is  inversely  related  to 
the  percentage  of  water  (Donaldson).  Thus  the  determination  of  the 
percentage  of  extracts  would  furnish  us.  further  evidence  as  to  the 
normal  condition  of  the  growth  of  the  nervous  system  with  respect 
to  age  and  to  the  percentage  of  water. 

It  is  clear  from  the  preceding  Table  VI  that  the  percentage  of  ex- 
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tracts  is  less  in  the  experimented  group  in  both  encephalon  and  spinil 
cord  than  in  the  control.  In  the  case  of  the  encephalon  0.25  per  cent 
in  the  male  and  040  per  cent  in  the  female,  and  in  the  case  of  the 
spinal  cord,  0.29  per  cent  in  the  male  and  0.47  per  cent  in  the  female 
are  in  favor  of  the  control  rats.  These  are  the  results  that  one  would 
expect.  It  is  therefore  concluded  that  the  amount  of  attract,  u 
compared  with  the  residue,  found  in  the  nervous  system  of  the  ex- 
perimented rats  is  normal  with  respect  to  the  age  and  percentage  of 
water  in  that  organ. 

Conclusions. 

From  what  has  been  presented,  the  following  conclusions  are 
drawn : 

(1)  So  far  as  the  weight  of  the  body  and  central  nervous  system 
are  concerned,  the  effect  of  a  twenty-one  day  period  of  partial 
starvation  on  albino  rats  thirty  days  old  is  eventually  completely 
compensated. 

(2)  The  chemical  composition  of  the  brain  and  spinal  cord  is, 
however,  not  entirely  free  from  the  effect,  as  is  indicated  by  the 
higher  percentage  of  water,  and  lower  percentage  of  ether-alcohol 
extracts,  in  the  experimented  rats,  as  compared  with  the  controls. 
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IN  LIQUID  CULTURE   MEDIA. 

By  AMOS  W.  PETERS. 
[/■ViwK  Ikt  ZoUegieal  Laioralery  of  thi  UnivtrtUy  of  lllirtois.'] 

CONTENTS. 

I.  Chemical  daU 321 

II.   Biological  methods 327 

III.  The  biological  correlalions  of  chemical  data 330 

IV.  The  protoioan  acriea  and  its  irreversibility 337 

V.    Summary 34S 

I.    Chemical  Data. 

A  STUDY  of  the  conditions  under  which  organisms  live  must 
concern  itself  largely  with  the  analysis  of  a  given  complex 
set  of  conditions  into  its  component  factors.  Thevattempt  to  study 
the  factors  singly  is  an  afterthought  resulting  from  some  degree  of 
previous  analysis  sufficient  to  show  the  relevancy  of  the  supposedly 
simpler  study.  Our  ability  to  analyze  the  media  in  which  nearly  all 
cells  live  —  e.g.,  sea  water,  fresh  water,  pond  water,  blood,  lymph,  fer- 
menting solutions,  etc.  —  into  factors  of  determined  biological  value  is 
a  measure,  not  only  of  progress  in  this  field,  but  also  of  the  fruitfulness 
of  all  the  studies  made  upon  the  separate  conditions  involved.  Ex- 
perience shows  that  progress  as  measured  by  this  standard,  which  is 
based  upon  ability  to  interpret,  is  not  very  rapid.  In  view  of  the 
above  considerations  the  present  study,  which  was  made  upon  a  hay 
infusion  regarded  as  a  fair  type  of  liquid  medium,  requires  no  apology, 
even  though  the  results  presented  come  far  short  of  making  an  ade- 
quate picture  of  what  occurs.  The  methods  (except  biological)  by 
which  the  following  data  were  obtained  have  been  described,  in  the 
main,  in  Part  I  of  this  paper.  During  the  past  three  years  numerous 
cultures  of  the  kind  here  described  have  been  studied  in  this  labora- 
tory both  by  myself  and  by  students.  The  matter  was  found  to  be 
well  adapted  to  serve  as  an  introduction  to  the  general  principles  of 
physiological  zoology,  or  better  to  the  important  subject  of  chemical 
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biology,  which  is  neither  pure  chemistry  nor  simply  descriptive  biology. 
I  shall  first  present,  in  tabular  form,  the  chemical  and  physical  data 
in  regard  to  a  number  of  cultures,  and  subsequently  the  biological 
data  which  ran  parallel  with  the  preceding  and  which  were  definitely 
determined  for  certain  of  these  cultures.  The  significance  of  the 
numerical  values  is  the  same  as  in  Part  I.  They  express  millionths 
of  a  gram  molecule,  or  of  a  gram,  of  either  the  reagent  used  or  of  the 
substance  measured  as  described  in  Part  I. 

The  data  for  Table  I  were  taken  from  cultures  promiscuously 
selected,  and  they  have  no  known  relation  to  each  other  except 
that  all  were  old  when  the  data  were  obtained.  This  table  serves 
merely  to  give  an  indication  of  the  general  pitch  of  the  values  which 
may  prevail  in  cultures  of  this  nature. 


Culture  No.  .    . 

S-2-21 

S-2-27/1 

S-2-27/2 

S-2-28/1 

S-2-28/2 

5-3-2 

Age.daya      .    . 

31 

25 

24 

23 

22 

19 

Phth.Ac..    .    . 

0J4 

0.S8 

Ml 

1.0 

1.1 

2.0 

Mthor.  Alk.  .    . 

•     9& 

88 

8.6 

8.4 

9.0 

9.6 

Elect:  Cond..    . 

793.0 

7810 

793.0 

747.0 

82ao 

793.0 

O  consumed.    . 

44.0 

44.0 

68.0 

32.0 

52.0 

52.0 

Total  Org.  N.    . 

lao 

9.0 

12.0 

14.0 

160 

&0 

AramonN.    .     . 

1.8 

4.4 

1.8 

1.8 

2.4 

2.0 

The  remaining  tables  of  cultures  give  the  continuous  history  of 
each  but  they  diBer  in  the  variety  of  data. 


TABLE   11. 

Culture  No.  5-3-27. 


Age.daya   .    . 

0 

1 

2 

3 

4 

5 

6 

7 

Phlh.  Ac.    .    . 

058 

0J4 

l*t 

20 

1.4 

1.0 

0.9 

0.9 

Mihor.  Alk.     . 

75 

8.0 

7.0 

7.0 

7.4 

8.2 

8.0 

8.0 

Total  Org.  N  . 

10.0 

18.0 

16.0 

14.0 

8.0 

2S.0 

10.0 

Ammon.  N.     . 

4.4 

S.0 

1.2 

1.4 

1.4 

1.4 

2.2 
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TABLE  III. 
Culture  No  S-4-. 


Age,  days      .    .     . 

0 

1 

2 

3 

4 

5 

Phth.  Ac.    .    .    . 

0.Z6 

0.S8 

1.9+ 

1.Z6 

1-0 

0.9 

Ucmoid  Alk. 

6.8 

7.4 

5.8 

7.8 

7.4 

7jS 

Cn.   .     .     .     . 

1.8 

lA 

5.2 

Elect.  Cond. . 

66ao 

67S.0 

761.0 

761.0 

761.0 

701.0 

63.0 

60.0 

66.0 

51.0 

42.0 

48.0 

Total  Org.  N. 

22.0 

22.0 

2.S.0 

Z4.0 

Ammon-N.   . 

S.2 

1.8 

1.6 

5.2 

TABLE  IV. 
Culture  No.  5-4-19/1. 


Age,dajr* 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Phih.  Ac.    . 

0.5 

1.84 

2.2 

1.4 

1.7 

1.7 

IJ 

1.0 

1.2 

0.9 

Lacmoid  Alk. 

7.0 

7.0 

5.6 

7.2 

7.0 

6.2 

7.0 

h& 

6.8 

Ca.      .     .    . 

3.8 

5.6 

6.2 

5.6 

4.2 

6.0 

4.4 

3X) 

33 

Elect.  Cood. 

637.0 

66ao 

597.0 

628.0 

628.0 

67S.0 

731.0 

716.0 

O  consumed 

42.0 

36.0 

420 

» 

27.0 

24.0 

^7.0 

24.0 

27.0 

Toul  Org.  N. 

4.0 

5.0 

18.0 

8.0 

12.0 

20X) 

Amnion  N.  . 

OS 

1.0 

3.2 

0.8 

1.2 

as 

TABLE   V. 
Culture  No.  S-6-0/1. 


Ag«, 
days. 

Phth.  Ac. 

Mthor. 
Alk. 

Elect. 
Cond. 

Age. 
d»y». 

Phth.  Ac. 

Mthor. 
Alk. 

Elect. 
Cond. 

0 

0.38 

8.0 

637 

8 

1.5 

8.4 

703 

1 

2.5 

7.6 

647 

n 

1.0 

8.4 

703 

2 

2.0 

ao 

452 

12 

075 

8.4 

609 

4 

2J 

9.0 

688 

13 

0.63 

8.6 

661 

5 

25 

8.4 

731 

14 

0.63 

8.6 

647 

6 

2.0 

8.6 

702 

IS 

0.5 

8,6 

661 

7 

'■" 

8.4 

703 

18 

0.5 

88 

661 
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TABLE  VI. 

Culture  No.  S-6-0('2. 


Age. 

Phih.  Ac. 

Mthor. 
Alk. 

Elect. 
Cond. 

Ag., 
diyfl. 

Phth.  Ac. 

Mthor. 

Alk. 

Elect. 
Cond. 

0.25 

ao 

S41 

8 

0.2S 

6.4 

563 

0.25 

7-6 

563 

11 

6.0 

461 

1.25 

7.5 

563 

12 

5.8 

397 

2-0 

7.2 

574 

13 

6.2 

442 

a2S 

7.0 

563 

14 

&2 

425 

0.2S 

6,8 

530 

15 

6.0 

442 

025 

6.6 

563 

18 

5.8 

442 

TABLE   VII. 
CVLTURE  No.  5-6-0/3. 


Age, 
days. 

Phth.  Ac. 

Mthor. 
Alk. 

Elect. 
Cond. 

...... 

Phth.  Ac. 

Mlhor. 
Alk. 

Cond. 

0 

0.38 

7.8 

610 

1 

<       8 

1      0.25 

8.6 

746 

1 

1.5 

7.2 

647 

11 

1      0.25 

8.6 

675 

2 

1.0 

7,8 

66. 

12 

1      013 

8.6 

635 

4 

1.0 

8.2 

702 

13 

1       .... 

8.7 

622 

5 

075 

8.2 

6SS 

1       14 

1       .... 

8.7 

622 

6 

0.5 

8.4 

6S9 

'       15 

1       ■■■• 

8.7 

622 

7 

0.5 

s.. 

765 

'       18 

!    .... 

a6 

661 
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TABLE   VIII. 
LTURE  No.  S-It>-31/1. 


Age, 

Phth.  Ac. 

,  Mthor. 

Alk. 

Elect. 

Cond. 

Age, 

days. 

Phth.  Ac. 

Mlhor. 
Alk. 

Elect. 
Cond 

0,4 

7.0 

582 

10 

05 

7.6 

733 

1 

14 

7.2 

676 

U 

0.74 

2 

2.2 

6,8 

683 

13 

0.74 

7.6 

733 

3 

1.8 

7.4 

682 

14 

0.76 

7.7 

682 

6 

0.7 

7-0 

682 

17 

0.8 

8.0 

704 

7 

0.8 

7.2 

682 

20 

0.76 

8.2 

665 

8 

0.9 

73 

649 

23 

05 

8.3 

704 

9 

0.9 

7.4 

662 

29 

0.76 

8.5 

718 

TABLE   IX. 

Culture  No.  S-10-31/2. 


Age, 
days. 

Phlh.  Ac. 

Mthor. 

Alk. 

Elect. 

Cond. 

Age, 

day». 

Phth.  Ac. 

Mthor. 
Alk. 

Elect. 
Coiid. 

0 

035 

7.3 

636 

10 

0.6 

7.5 

733 

1 

1.44 

68 

582 

13 

0A4 

7.5 

704 

2 

2.0 

7.0 

718 

14 

0.68 

7.6 

778 

3 

1.6 

7.2 

682 

17 

0.76 

8.0 

632 

6 

1.0 

7-3 

704 

20 

0.8 

8.1 

649 

7 

0.9 

7.4 

748 

23 

0.86 

a4 

663 

8 

0.7 

7.3 

662 

29 

0.8 

8.6 

718 

9 

0.68 

7.5 

718 
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iiimultaneoul  data  for  six  cultares  which  were  set  differently  *s  follows ; 


Culii 


:  No. 


6-10-31/1.  Solid  hay  +  hay  infusion  +■  Up  water  +  seed. 

6-10-31/2.  Solid  hay  +  hay  infuiion  -I-  tap  water  +  aeed  .f-  yeast. 

6-10-31/3.  0  -)-  hay  infuiion  +  tap  water  +  seed. 

6-10-31/4.  0  +  0  +  tap  water  +  seed. 

6-10-31/5.  Solid  hay  +  hay  infusion  +  tap  water  +  & 

6-l(KJl/6.  Old  No.  6-7-24  +  refeeding  +  roseeding. 
Ph  =  phenolplithaiein  acidity;  M  =  methyl-orange  allialinity;  O  =  oxygen  consumed. 


Age. 

6-10-31/1 

6-10-31/2 

6-10-31/3 

6-10-31/4  1    6-10-31/5        6-10-31/6 

Ph.  M. 

O. 

Ph.    M. 

O, 

PU.    M. 

o. 

Ph.   M.  O.    Ph.   M. 

0.;   Ph.   M.    0  1 

0 

0.8    83 

28 

1,2    8.0 

33 

08    lA 

0.8    8.2    1I0.9    8.4 

16 

a74  9.1    36 

1 

1.4    7.8 

28 

2.4    7.0 

22 

1.2    7,5 

1.0    8.2    4  1.0    7.3 

20 

1.2    9.0    24 

2 

1.4    7.0 

24 

2.5    6.7 

30 

1.2    7.8 

1.0    8.0    3 

1.0    7.6 

16 

1.2    9.0    27 

3 

1,2    8J 

18 

2.4    6.5 

26 

a6    8fl 

a4  9.0  5 

1.0    7.8 

10 

1.2    9.2    24 

4 
5 

Alk. 

Tr.    8.2    3 

1.4    8.2 

24 

Ih    6.8 

28U.4    a2 

a72  8.1 

20 

1.4    9.4    25 

6 

1.0  ae 

?o 

Z.6    6A 

18 

04    8.2 

Tr.    8.0    2 

a32SO 

9 

1.2    93    23 

7 

0,6    8.4 

23 

2.8    6A 

26 

az   8.1 

a4  8.9  2 

032  8.8 

16 

08    9.4    20 

8 

as   8.7 

24 

2.4    &6 

36 

a2    8.3 

a.s  8.1  0 

0.8    8.6 

17 

0.6    96    16 

9 

0.8    8.2 

U 

2.9    6.4 

33  1  ai2  83 

0.6    8.0    3 

06    &Z 

16 

0.4    9.8    21 

XO 

0.76  8.4 

U    6.4 

. .  1 0.04  8.2 

a?  7.8  .. 

OA    8.1 

0-4    9.6    ., 

11 

12 

Alk. 

Tr.   8-0 

as   8.0 

4 

1.0    6.4 

35 

OA    83    5 

0.4    8,6 

20 

036  9.6    24 

13 

OA    8.4 

23 

0.8    7.2 

33 

Tr.    8.4 

0.8    7.4    2 

0-6    &4 

16 

0.2    9A    22 

14 

0.4    8.6 

22 

1.0    7.6 

32 

0.2    8.4 

0.8    7.4    2 

0.6    8.6 

18 

0.2    9.6    20 

IS 

0.4    8.4 

23 

1.2    8.2 

31 

a2  8,4 

0.9    7.4    1 

0.2  a6 

20 

a4    9.5    22 

16 

0.4    8.2 

24 

1.6    9.2 

24 

02  a4 

0.9    6.9    3 

032  &6 

19 

0-4    9.6    16 

17 

25 

26 

21 

..      ..    7 

13 

..      ..     14 

19 

0.4    8* 

0.6    8.8 

0.5    8-2 

a6    6.6  .. 

0.4    8.6 

0.2    9.6    .. 

23 

0.2    8.8 

26 

0.6    9.4 

35 

0.3    2.3? 

0.2    6.2    6  0.2    8.6 

18 

0-2    9.6    22 
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II.  Biological  Methods. 
All  the  cultures  of  which  chemical  data  have  been  given  in  the 
preceding  tables,  and  many  others,  were  kept  under  observation  for 
their  biological  phenomena  also.  It  is  not  the  intention  of  the  writer 
to  make  a  catalogue  of  all  the  numerous  organisms,  plant  and  animal, 
which  flourish  in  these  cultures.  My  attention  was  directed  to  a 
certain  selection  from  this  number,  which  seemed  favorable  to  my 
purpose  of  correlating  their  presence,  number,  and  order  of  succes- 
sion, with  the  changing  conditions  of  their  environment.  The  ordi- 
nary methods  of  microscopical  examination  were  used.  The  material 
was  in  all  cases  examined  in  its  living  condition  and  in  many  cases 
also  after  killing  and  fixing.  Qualitative  examinations  by  various 
simple  methods  were  frequently  made,  and  even  these  were  sufficient, 
when  made  regularly,  to  convince  the  observer  that  the  different  kinds 
of  organisms  showed  their  maximal  numbers  at  different  periods  in 
the  history  of  the  same  culture.  It  was  desirable  to  express  this  fact 
in  a  quantitative  way,  and  the  following  method  was  developed.  For 
my  purpose,  as  above  stated,  it  was  necessary  to  express  only  the  rel- 
ative frequency  of  the  organisms,  not  their  absolute  nfimbers.  The 
sample  of  culture  liquid  to  be  examined  was  placed  in  a  shallow  flat- 
bottomed  watch-glass  in  a  layer  of  such  small  depth  (about  a  milli- 
metre) as  to  suit  the  optical  apparatus  to  be  used  for  direct  observation. 
The  observer,  having  first  identified  the  forms  present,  at  least  those 
which  are  most  numerous,  then  fixes  his  attention  upon  their  relative 
numbers,  selecting  first  that  form  which  is  most  numerous,  and  he 
places  this  at  the  head  of  his  recorded  list  for  that  day  as  No.  I.  By 
comparison  with  No.  r  the  organism  showing  the  next  lower  frequency 
is  determined  and  given  its  serial  position  in  the  day's  list  as  No.  2, 
and  so  on.  At  different  times  in  the  history  of  the  same  culture,  or 
in  cultures  of  different  nature,  a  given  organism  may  of  course  occupy 
a  different  serial  position.  These  serial  lists,  when  taken  on  the  same 
culture  from  its  beginning  and  at  intervals  of  a  day,  will  soon  show 
that  a  given  organism  passes  through  certain  serial  positions,  which 
may  then  be  plotted  as  ordinates,  the  days  being  laid  off  on  the  ab- 
scissa, Xbere  is  thus  obtained  a  curve  representing  the  relative 
frequency  of  this  organism.  A  little  practice  is  necessary  to  gain 
accuracy  in  the  discrimination  of  the  relative  numbers  of  objects, 
whose  size  may  range  all  the  way  from  a  bacterium  to  a  Stentor 
easily  visible  with  the  naked  eye. 
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Some  matters  subsidiary  to  this  method  call  for  remark.  It  was 
usually  applied  to  living  organisms.  By  forcing  them  into  and  out  of 
a  medicine  dropper  they  may  be  kept  uniformly  distributed  in  the . 
watch-glass.  But  if  it  be  desirable  to  examine  them  in  stationary 
condition,  they  should  first  be  evenly  distributed  as  just  described, 
and  then  there  may  be  added  a  few  drops  of  Worcester's  formol- 
sublimate.  After  thus  killing  the  organisms  they  may  be  redis- 
tributed, if  necessary  or  desirable,  so  that  the  observations  for  their 
serial  positions,  i.  e.,  for  their  relative  numbers,  may  be  made  more 
accurately.  The  observation  of  these  watch-glass  preparations  and 
the  estimation  of  relative  numbers  in  them  were  much  facilitated  by 
the  use  of  a  Zeiss  binocular  microscope  in  which  a  field  of  large  area 
and  great  depth  was  easily  examined  at  one  observation.  The  results 
obtainable  with  this  instrument  for  all  forms  except  the  bacteria  enable 
the  observer  to  feel  certain  regarding  their  accuracy. 

Some  observations  which  1  have  made  upon  the  use  of  killing  and 
fixing  agents  for  the  examination  of  the  micro-organisms  of  these  cul- 
tures, particularly  the  protozoa,  may  be  permissible  here.  It  seems  to 
me  that  Paramascium,  owing  to  its  sufficient  size,  extensive  differenti- 
ation, and  itaidelicate  protoplasm,  serves  as  an  excellent  test  of  the 
efficiency  of  killing  and  fixing  agents  for  all  micro-organisms  of  its 
class.  The  experimenter  who  does  not  content  himself  with  the  mere 
use  of  formulae  according  to  authority,  but  who  is  interested  in  the 
rationale  of  their  action,  can  find  in  Paramecium  a  good  object  to 
illustrate  some  principles  which  have  been  found  applicable.  Dis- 
cussions and  investigations  of  this  nature  can  be  found  in  Mann's 
Physiological  Histology.  Tests  which  I  made  upon  Paramzecium  with 
nearly  all  of  the  killing  and  fixing  agents  in  common  use  showed  that 
very  few  o(  them  preserved  the  natural  form  of  the  animals.  In  some 
cases  it  was  evident  that  the  agent  used  failed  to  accord  with  the 
osmotic  conditions  which  were  necessary  for  a  good  preservation  of 
form.  Evidence  for  this  view  was  the  fact  that  modification  of  the 
osmotic  concentration  from  that  recommended  by  the  author  of  the 
formula  gave  preserved  forms  more  nearly  resembling  those  of  living 
animals.  The  practical  application  and  the  selection  and  composition 
of  these  agents  should  be  guided,  far  more  than  has  been  customary, 
by  an  intelligent  view  of  the  principles  of  osmosis  and  dissociation. 
For  Paramsecium,  and  in  general  for  protozoa  that  have  a  distinct 
cell  wall  I  have  found  Worcester's  formol-sublimate  to  give  a  most 
excellent  preservation.     This  agent  consists  of  a  ten  per  cent  solution 
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of  formaldehyde  in  water,  which  solution  is  then  saturated  with  cor- 
rosive sublimate.  The  proportions  may  be  varied,  thus  altering  the 
osmotic  conditions.  However,  for  the  objects  tested,  Paramaecia,  and 
under  the  special  conditions  of  adjustment  to  their  various  media  in 
which  I  found  them,  the  strong  concentrations  above  given  seemed 
to  be  well  adapted.  In  the  composition  of  this  liquid,  as  in  most  good 
killing  and  fixing  mixtures,  the  swelling  action  of  one  constituent, 
formaldehyde,  is  balanced  by  the  shrinking  action  of  another,  in  this 
case  corrosive  sublimate.  It  should  further  be  noted  that  both  these 
constituents  are  non-electrolytes.  To  use  this  agent,  the  organisms 
should  be  brought  into  a  pipette  in  as  small  a  volume  of  their  culture 
liquid  as  possible,  and  they  should  then  be  ejected  suddenly  into  a 
watch-glass  containing  the  formol-sublimate.  Of  other  fixing  mix- 
tures I  obtained  good  results  also  with  strong  solution  of  Flemming 
and  with  acetic  alcohol.  The  latter  is  especially  advantageous  when 
it  is  desirable  to  avoid  water  entirely  in  subsequent  processes.  Under 
some  conditions  osmic  acid  and  also  iodine  gave  good  results.  For- 
mol-sublimate, and  for  special  purposes  acetic  alcohol,  were  found 
sufficient. 

Bacteria  in  living  condition  were  examined  by  means  of  a  well- 
known  arrangement  consisting  of  a  hanging  drop  on  the  under  side 
of  a  cover-glass  which  formed  the  top  of  a  ring  cell,  the  bottom  of 
this  cell  consisting  of  the  glass  slide.  The  rings  may  be  made  of 
glass,  one-half  to  one  centimetre  in  height,  their  end  surfaces  should 
be  parallel,  and  they  may  be  fastened  water-tight  to  the  slide  by 
means  of  a  thin  coating  of  vaseline.  In  the  bottom  of  the  cell  is 
placed  at  least  enough  water  to  cover  the  surface.  The  rings  may  be 
made  of  cardboard,  and  in  that  case  they  should  be  impregnated  with 
melted  vaseline.  Whether  they  are  made  of  glass  or  of  paper,  their 
end  surfaces  must  be  of  sufficient  extent  to  make  good  contact  with 
slide  and  cover-glass.  If  the  latter  with  its  hanging  drop  be  sealed  to 
the  ring  with  vaseline,  the  whole  preparation  may  be  kept  for  days. 
It  is  a  convenient  and  instructive  form  of  moist  chamber,  and  serves 
well  for  the  study  of  both  the  bacteria  and  the  protozoa  in  the  living 
condition.  For  the  estimation  of  relative  numbers  of  bacteria  and  of 
protozoa  very  low  rings  cut  out  of  paper  were  used,  and  the  drop  was 
made  to  occupy  the  central  area  of  the  cell  and  to  make  contact  with 
both  cover-glass  and  slide.  For  making  fixed  and  permanent  prepa- 
rations of  the  bacteria  the  usual  bacteriological  technique  for  that 
purpose   was  pursued,  using  Ziehl's  carbol-fuchsin  as  a  stain.     An 
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instructive  series  to  show  the  progressive  numerical  development 
and  decline  of  bacteria  in  these  cultures  can  be  obtained  by  making 
a  permanent  preparation  daily. 

The  selection  of  a  fair  sample  of  the  micro-organisms  of  the  cul- 
ture requires  considerable  care.  They  seem  to  be  located  in  selected 
places,  and  it  is  not  desirable  to  mix  uniformly  the  contents  of  the 
culture,  because  that  would  interfere  with  its  normal  progress  and 
with  the  proper  taking  of  some  of  the  chemical  data,  e.g.,  the  acidity. 
The  plan  I  have  used  in  order  to  avoid  the  disturbance  of  the  whole 
culture  was  to  take  numerous  samples  from  various  places  in  the  jar 
by  means  of  a  medicine  dropper,  to  mix  these  samples  in  a  watch- 
glass  by  forcing  them  into  and  out  of  the  pipette.  If  for  any  reason 
it  became  necessary  to  concentrate  the  micro-organisms  (except  bac- 
teria) I  have  made  use  of  a  centrifuge.  This  method  is  especially 
useful  if  one  desires  to  make  permanent  preparations.  The  or. 
dinary  processes  necessary  for  this  purpose  can  be  performed 
in  glass  tubes  about  5  mm.  in  diameter  and  about  60  mm.  in 
length,  which  have  been  sealed  at  one  end  in  the  form  of  a  cone. 
This  tube  can  be  made  easily  from  the  glass  part  of  an  ordinary 
medicine  dropper.  By  means  of  the  centrifuge  and  of  sufficiently 
long  capillary  pipettes,  all  changes  of  liquids  can  be  made  at  will. 
The  above-described  tube  may  be  fastened  on  any  centrifuge  by 
means  of  a  perforated  cork  of  the  proper  size. 


III.  The  Biological  Correlations  of  Chemical  Data. 

An  examination  of  the  numerical  values  for  the  pbenolphthalein 
acidity  of  the  fourteen  cultures  of  Tables  If  to  X  shows  that  these  data 
have  such  uniformities  as  to  produce  a  characteristic  curve.  Addi- 
tional observations  upon  other  cultures  have  shown  that  this  curve  is 
one  of  general  validity  for  all  the  cultures  I  have  raised  under  the 
conditions  described.  In  each  case  the  values  rise  suddenly  and  fall 
more  slowly.  Each  curve  has  its  maximum  during  the  first  few  days 
of  the  culture  history.  In  other  words,  the  day  of  maximum  acidity 
divides  the  curve  into  two  arms,  the  first  of  which  is  short  and  steep, 
the  second  long  and  gradual.  The  following  table  shows  the  time 
and  the  value  of  the  maximum  acidities  of  the  cultures  reported  in 
Tables  11  to  X. 
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The  sum  of  the  days,  =  39,  divided  by  the  number  of  cultures  tabu- 
lated, =  14,  gives  an  average  age  of  2.8  days  as  the  time  at  which  the 
maximum  acidity  occurs.  Under  some  conditions,  as  shown  in  Table 
X  under  cultures  6-10-31/3  and  6-10-31/4,  a  culture  may  become 
alkaline.  In  Curves  i  and  2  are  plotted  the  acidities  for  cultures 
5-10-31/1  and  S-10-31/2  according  to  the  data  given  in  Tables  VIII 
and  IX.  Not  all  the  curves  obtained  have  such  sharply  defined  maxi- 
mal points  as  those  here  shown,  but  they  all  conform  to  the  general 
type  above  described,  of  which  these  two  are  fair  representatives. 

What  organisms  stand  in  relation  to  this  acidity?  Primarily  the 
bacteria,  and  secondarily  the  protozoa.  Chemical  examination  has 
shown  that  the  acid  is  volatile  and  consists  very  largely  of  carbonic 
acid.  Biological  examination  shows  the  presence  of  relatively  few 
bacteria  when  the  culture  is  started,  of  enormous  numbers  during 
the  next  few  days,  and  of  greatly  diminished  numbers  subsequently. 
The  bacteria  of  the  early  period  are  of  the  rod  form ;  later  occur 
the  filamentous  forms.  Several  layers  of  zoogloea  may  succeed  each 
other  and  fall  in  turn  to  the  bottom  of  the  jar.  The  cultivation  on  the 
standard  media  and  the  determination  of  the  kinds  of  bacteria  \*ere 
not  attempted.  There  probably  was  much  variety  here,  because  the 
gross  characters  exhibited  by  cultures  from  seed  materials  of  different 
origin  varied  noticeably.  In  all  cases  gas  formation  was  prominent 
during  the  early  period,  i.  e.,  when  the  rod  bacteria  were  abundant. 
It  is  evident  that  we  are  here  dealing  with  bacterial  fermentations, 
mostly  of  carbohydrates  and  more  particularly  with  such  fermenta- 
tions as  occur  in  an  acid  medium.  I  have  not  dealt  thoroughly  with 
the  bacterial  aspect  of  the  cultures,  but  the  data  obtained  show  that 
these  organisms  are  the  first  cause  of  decomposition  and  the  founda- 
tion of  the  food  supply  for  all  other  organisms  that  at  the  same  time 
or  subsequently  inhabit  the  medium.  Owing  to  the  small  size  of  the 
bacteria,  the  methods  I  have  described  for  determining  the  relative 
numbers  of  organisms  of  various  kinds  must  give  much  less  reliable 
results  from  the  quantitative  point  of  view  when  applied  to  bacteria 
than  when  protozoa  only  are  compared  numerically.  However, 
the  examinations  made  left  no  doubt  that,  qualitatively,  the  curve 
for    bacteria  runs   approximately  parallel   to   the   curve  for  acidity. 
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except  that  its  descending  arm  runs  to  a  minimum  value  much 
faster  than  that  of  the  corresponding  arm  of  the  acidity  curve. 
The  maximum  of  the  bacterial  curve  might  also  vary  a  little  from  the 
period  of  maximum  acidity.  From  the  observations  that  have  been 
made  it  is  probable  that  the  bacteria,  like  the  protozoa,  succeed  each 
other  in  some  order  depending  upon  their  relative  adjustment  to  the 
changing  conditions  of  their  environment.  Hence  one  curve  to  rep- 
resent all  the  bacteria  has  but  little  significance  for  that  group  itseff, 
but  this  general  curve  is  of  some  use  for  comparison  with  the  curves 
for  protozoa.  The  decline  of  the  bacteria  as  a  whole  may  be  ascribed 
first  to  the  exhaustion  of  their  food  supply.  The  determination  of 
oxygen  consumed,  e.  g.,  in  Table  X  shows  the  presence  of  an  abun- 
dance of  organic  matter  at  all  times  in  these  culture  liquids,  but  the 
kind  and  condition  of  this  material  are  not  indicated  by  this  estima- 
tion. That  which  is  in  available  form  for  a  given  species  is  soon 
seized  upon  and  its  supply  thus  exhausted.  The  second  important 
factor  in  the  decline  of  the  bacteria  is  the  accumulation  of  their  own 
waste  products,  especially  the  acid  resulting  from  their  metabolic 
activity,  A  low  degree  of  acidity  or  of  alkalinity  may  act  as  a  stimu- 
lant, but  it  is  well  known  that  increased  concentrations  of  acid  inhibit 
the  fermentations  producing  them. 

In  all  the  curves  it  is  noticeable  that  the  second  arm  representing 
tho  fall  of  acidity  shows  regularly  a  period  of  initial  rapid  fall  suc- 
ceeded by  a  much  longer  period  of  low  and  of  more  or  less  uniform 
acidity.  The  level  maintained  in  this  region  of  the  curve  is  always 
higher  than  was  the  acidity  of  the  culture  on  the  day  when  it  was 
set.  Owing  to  the  method  by  which  the  culture  liquid  was  prepared 
(described  in  Part  I  of  this  paper),  the  original  culture  liquid  con- 
tained a  normal  concentration  of  carbonic  acid,  for  the  boiling  of  the 
entire  quantity  of  culture  liquid  was  purposely  avoided.  The  increase 
of  acidity  must  of  course  be  attributed  to  the  activity  of  the  con- 
tained organisms,  and  in  the  beginning  mostly  to  the  bacteria.  The 
more  or  less  level  region  of  the  acid  curve  I  attribute  to  organisms 
also,  but  in  the  main  to  a  different  class,  the  protozoa.  Evidence 
bearing  upon  the  question  of  their  presence,  kind,  and  number  will 
be  given  subsequently.  The  fact  that  the  level  region  of  the  curve 
maintains  itself  above  the  initial  acidity  of  the  culture  is  best  ex- 
plained by  the  continual  respiratory  activity,  during  this  period,  of 
at  times  enormous  numbers  of  protozoa.  During  the  period  indi- 
cated these  supply  the  carbonic  acid  at  a  somewhat  greater  rate  than 
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that  oi  the  escape  of  carbon  dioxide,  which  latter  is  influenced  by 
the  partial  atmospheric  pressure  of  carbon  dioxide  and  by  the  un- 
disturbed condition  of  the  culture  liquid.     Owing  to  the  slowness 
of  diffusion,  each  upper  layer  of  the  liquid  protects  the  adjacent  lower 
layer  from  rapid  interchange  with  the  air  and  enables  the  deeper 
layer  to  maintain  a  higher  acidity.     Direct,  titration  of  the  acidity  of 
samples  taken  carefully  from  different  depths  during  the  early  period 
of  the  culture  when  the  production  of  acidity  was  great,  showed  in- 
creasing acidity  for  each  increase  of  5  to  10  cm.  in  depth.     If  the  cul- 
ture were  agitated  either  continuously  or  at  intervals,  the  curve  of 
acidity  would  of  course  present  an  entirely  different  form,  and  corre- 
lated with  this  would  be  a  considerably  different  set  of  environmental 
conditions,  which  again  would  carry  with  it  a  corresponding  modifi- 
cation  of   biological   content   of   both   qualitative   and   quantitative 
character.     The  existence  of  these  relations  is  easily  demonstrated  by 
running,  for   comparison,  cultures   agitated   by  a  continual  current 
of  air.     For  the   bacteria  we  are  familiar  with    the  fact  that  slight 
alteration  of  the  conditions  of  the  nutrient  medium  may  result  in  the 
growth  or  the  destruction  of  a  given  species.     Experiments  in  culti- 
vation will  soon  show  that  other  unicellular  organisms  also  have  a 
delicate  adjustment  to  their  environment.     In  the  discussion  of  these 
cultures  and  especially  of  the  acidity  curve  it  must  be  remembered 
that  we  are  less  concerned  with  the  total  amount  of  acid  produced 
than  with  that  portion  which  does  not  immediately  escape  and  with 
which  the  organisms  must  live  in  contact.     This  is  the  quantity  of 
biological  significance  which  the  curve  of  acidity,  obtained  under  the 
described    conditions,  shows.     The   earlier  and  later  periods  of  the 
curve  represent  times  when  the  bacteria  and  the  protozoa  respectively 
were  predominatingly  numerous.     Biological  observation  and  chemi- 
cal estimation  made  these  extremes  easily  recognizable.     The  inter- 
vening interval  was  of  course  characterized  by  the  abundance  of  both 
groups  of  organisms.     We  have  thus  far  identified  successive  regions 
of   the  curve  characterized  by  rapid  rise,  then  one  of  more  or  less 
rapid  fall,  then  one  of  continued  level  or  of  very  slow  fall.     After  a 
sufficient  number  of  weeks  or  months,  depending  upon  the  quantity 
and  character  of  organic  matter  originally  present,  the  curve  falls  to 
its   lowest  acidity,  comparable  to  that  with  which  it  began,  or  even 
to   neutrality  or  alkalinity.     In  this  last  period  few  or  «o  bacteria 
and  protozoa  are  present,  but  sometimes  a  number  of  Crustacea,  e.g., 
Cyclops,  can  maintain  their  existence.     It  is  at  this  time  that  certain 
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green  algx,  which  locate  themselves  upon  the  side  of  the  jar  in  a 
dense  layer,  become  the  predominating  organic  form,  provided  the 
conditions  of  illumination  are  favorable.  The  mineralization  of  organic 
matter  resulting  from  the  preceding  biological  activities  has  provided 
a  salt  solution  which  fulfils  one  of  the  conditions  of  algal  growth. 
The  scries,  bacteria  —  protozoa  —  algx,  is  a  fair  representation  of  the 
biological  succession  which  takes  place  in  almost  any  culture  under 
ordinary  conditions  if  the  culture  be  long  enough  continued.  The 
changes  within  the  protozoan  group  I  shall  describe  in  more  detail 
presently.  Of  the  chemical  conditions  which  are  correlated  with  this 
series  that  of  acidity  occupies  the  most  prominent  place  in  the  early 
history  of  the  culture.  Further  evidence  bearing  upon  the  relation 
between  acid  content  and  organic  content  will  be  given  in  connection 
with  the  discussion  of  the  protozoa. 

A  study  of  the  numerical  data  for  the  methyl-orange  alkalinity,  as 
given  in  Tables  II  to  X,  shows  that  these  values  pursue  a  more  or 
less  zigzag  course  in  the  history  of  any  given  culture,  but  with  one 
or  two  notable  exceptions  the  general  tendency  of  this  curve  is  up- 
ward. In  the  following  table  (XII)  are  shown  the  initial  and  the 
final  values  for  the  methyl-orange  alkalinity  of  all  the  cultures  in 
Tables  II  to  X,  in  the  order  in  which  they  are  recorded,  and  in 
Curves  3  and  4  is  plotted  the  alkalinity  for  cultures  5-10-31/1  and 
5-10-31/2  respectively. 

TABLE  xir. 
Initial     .    7.8     6.8     7.0     aO     8.0     7.8     7.0     7.3     8.3     8.0     7.6       8.2     8.4     9.1 
Final      .    8.0     7.6     6.8     85     5.8     8.6     85     8.6     8-8     9.4     Z.3?     6.2     86     9.9 

As  explained  in  the  previous  part  of  this  paper,  the  above  numbers 
represent  the  amount  of  alkali  and  alkali  earth  bicarbonate.  The 
increase  of  this  quantity,  as  shown  in  the  majority  of  the  data  above 
given,  is  an  expression  of  the  process  of  mineralization  of  organic 
matter  which  takes  place  continually  in  all  the  cultures.  It  is  prob- 
able that  not  ail  the  mineral  matter  enters  into  such  chemical  combi- 
nations as  to  make  it  determinable  as  methyl-orange  alkalinity,  yet 
the  data  in  Tables  II  to  X  and  in  Table  XII  show  that,  upon  the 
whole,  this  estimation  gives  an  index  to  progressive  mineralization. 
The  difficulty  of  making  an  accurate  estimation  of  this  process  has 
been  referred  to  in  Part  I  of  this  paper.  As  there  described,  one 
other  and  important  use  of  the  determination  of  methyl-orange  alka- 
linity is  its  indication  of  approximately  the  osmotic  conditions.     A 
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curve  would  serve  to  show  the  general  pitch  of  the  numerical  value 
of  the  possible  osmotic  pressure,  and  under  certain  assumptions  a 
calculation  could  be  made,  whose  results,  however,  could  be  regarded 


Figure  1.  —  The  accompanying  curves  are  all  plotted  to  the  same  scale  of  days,  showing 
the  ages  of  the  cultures  on  the  ordinates  from  0  to  30.  Curves  1  to  4  are  plotted  in 
the  first  quadrant,  numbers  5  to  13  in  (he  fourth,  so  that  uniformly  a  risii^g  curve 
an  incieasing  quantity  as  in  curves  1  to  4,  or  an  increasing  numerical  rank 
ves  5  1o  13.  The  sudden  beginning  or  cessation  of  a  curve  Indicates  that  the 
are  at  that  time  entirely  absent  or  perhaps  too  few  to  alt 
making  the  counts. 
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as  only  a  rough  approximation.  In  any  case  the  methyl-orange  de- 
termination is  capable  of  frequently  showing  pronounced  differences 
in  the  physiological  environment  prevailing  in  apparently  similar 
cultures. 

The  numerical  values  for  the  electrical  conductivities  of  the  culture 
liquids,  as  given  in  Tables  III  to  IX,  show  the  same  general  upward 
tendency  which  we  have  noted  in  the  alkalinity  curves.  The  initial 
and  final  values  of  the  electrical  conductivities  in  tWe  order  in  which 
they  occur  are  shown  in  the  following  table : 

TABLE  XIII. 

Initial 660       637        637        541        610        582        636 

RiuU 701        716        661        442        661        718        718 


The  conditions  which  these  curves  represent  much  resemble  those 
expressed  by  the  alkalinity  curve.  The  upward  tendency  of  the 
curve  is  due  to  increase  of  electrolytes,  and  this  has  been  brought 
about  by  disorganization  of  organic  matter.  But  in  the  present 
curve  we  find  expressed  not  only  the  salt  content,  capable  of  being 
measured  as  alkalinity,  but  also  the  electrical  conductivity  due  to  the 
free  acidity.  The  influence  of  this  factor  can  be  traced  in  the  nu- 
merical data,  which  in  some  cultures  show  a  series  of  higher  values 
corresponding  with  the  falling  arm  of  the  acidity  curve.  That  the 
conductivity  curve  should  follow  so  irregular  a  course  is  comprehen- 
sible when  one  considers  the  variety  of  decomposition  or  of  metabolic 
products  which  must  occur  in  the  progressive  degradation  of  the 
organic  matter  of  these  cultures.  This  matter  includes  not  only  the 
metabolic  products  of  living  organisms,  but  also  the  products  from 
the  dead  forms  of  all  the  numerous  groups  of  organisms  which  have 
succeeded  each  other  in  the  course  of  the  culture  history. 

From  the  nitrogen  determinations  no  regularities  of  any  sort  were 
discoverable.  Almost  the  same  report  must  be  made  regarding  the 
data  for  oxygen  consumed.  Both  these  determinations  are  still  use- 
ful as  an  index  of  conditions  which  exist  at  the  time  when  the  estima- 
tions are  made.  To  forecast  the  probable  course  of  either  of  these 
curves  would  require  a  much  more  intimate  knowledge  of  the  bacte- 
rial and  protozoan  content  of  these  cultures  than  we  now  possess.  A 
comparison  of  the  analysis  of  events  occurring  in  these  culture  liquids, 
as  here  made,  and  an  analysis  of  the  stages  of  decomposition  of 
sewages,  as  made  by  Rideal,'  leads  to  the  conclusion  that  the  culture 

'  Rideal:  Sewage  and  the  Hacterial  Purification  of  Sewage,  igor,  pp.  50-111. 
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liquids  here  discussed  are  to  be  regarded  as  mild  sewages,  and  that, 
practically,  the  same  factors  are  operative  in  both  cases.  Although 
much  more  investigation  has  been  made  of  sewage,  yet  no  such  un- 
derstanding has  been  even  approached  of  the  complex  biological  and 
chemical  factors  as  would  be  necessary  to  explain  the  varying  course 
of  the  two  curves  above  described.  Adopting  the  principles  which 
Rideal  developed  for  sewages,  we  can  say  that  there  are  here  both 
asrobic  and  anaerobic  bacteria,  some  of  which  convert  protein  nitro- 
gen into  ammonia,  others  which  transform  this  into  nitrites,  and  still 
others  which  transform  nitrites  into  nitrates.  Not  only  does  the  pro- 
cess operate  in  this  direction,  but  there  are  also  denitrifying  bacteria 
which  may  partially  reverse  this  process,  and  some  nitrogen  may  be 
freed  as  gas.  When  we  contemplate  the  interaction  and  the  succes- 
sion of  these  factors,  it  becomes  clear  that  a  lack  of  precise  biological 
knowledge  is  a  serious  deficiency  to  be  removed  by  no  small  amount 
of  research.  As  previously  stated,  nitrates  added  to  cultures  in  active 
decomposition  quickly  disappeared,  showing  that  the  period  of  pre- 
dominant nitrification  had  not  yet  been  reached. 

IV.   The  Protozoan  Series  and  its  Irreversibility. 

In  Tables  VIII  and  IX  are  reported  the  chemical  data  for  cultures 
5-IO-31/1  and  s-ro-31/2  respectively.  For  these  two  cultures 
I  have  more  complete  data  for  their  protozoan  content  and  history 
than  for  any  others.  Having  examined  many  other  cultures  with 
essentially  the  same  results,  I  shall  describe  these  two  as  types  for 
cultures  raised  and  managed  as  previously  described.  The  relative 
numerical  rank  of  a  number  of  species  of  protozoa  was  daily  deter- 
mined, as  above  described  under  "  Biological  Methods."  The  curves 
obtained  by  plotting  these  daily  records  will  be  given.  The  age  of 
the  culture  in  days  is  laid  off  on  the  abscissa.  The  relative  numeri- 
cal rank  of  the  organism  under  discussion  is  plotted  on  ordinates 
running  downward  from  the  abscissa,  so  that  the  lower  in  rank  a 
given  protozoan  stands  at  a  certain  time  the  lower  will  its  curve  ex- 
tend below  the  abscissa.  In  other  words,  the  curves  are  plotted  in 
the  fourth  quadrant  instead  of  the  first.  In  the  original  record  all 
the  curves  are  plotted  in  the  same  figure  as  the  successive  plotting  of 
each  day's  record  would  produce  them,  but  I  shall  now  have  to  repro- 
duce them  singly.  This  series  of  observations  is  not  complete  for 
'all  the  kinds  0/  protozoa  which  occurred  in  these  cultures,  but  the 
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record  is  complete  for  each  organism  reported  for  the  length  of  time 
the  culture  was  systematically  examined,  which  in  this  case  was 
twenty-nine  days.  Some  of  the  observed  forms  (usually  of  very 
small  size)  were  not  certainly  identified,  and  hence  were  known  by 
some  arbitrary  designation,  e.  g.,  Hetcrotricha  A,  Holotricha  A,  etc. 
The  forms  thus  incompletely  classified  were  familiar  because  of  their 
frequent  and  regular  appearance  in  different  cultures,  and  they  usu- 
ally attracted  the  attention  by  their  great  numbers  at  some  stage 
in  the  history  of  the  culture,  and  by  their  complete  disappearance 
subsequently. 

In  Curve  5  are  shown  the  data  for  Stentor  coeruleus.  The  ninth 
day  divides  it  into  two  regions,  the  first  of  which  is  characterized  by 
the  numerical  decline  of  these  animals  as  compared  to  others  present 
during  the  same  period.  During  the  second  period  Stentor  flourished 
more  than  any  other  organism  and  attained  at  one  point  the  first 
rank  in  relative  numbers.  The  curve  has  not  been  long  enough  con- 
tinued to  show  the  duration  of  their  period  of  prosperity.  Different 
cultures  have  shown  that  this  period  may  continue  from  one  to  three 
weeks.  During  their  period  of  predominance  these  animals  may  be- 
come exceedingly  numerous,  forming  a  dense  blue-green  layer  always 
located  on  that  side  of  the  jar  which  is  turned  away  from  the  source 
of  light  for  the  room.  It  is  characteristic  of  the  successful  Stentor 
period  to  occur  in  the  later  history  of  the  culture,  when  the  most 
active  bacterial  fermentations  have  ceased.  The  liquid  which  consti- 
tutes their  favorable  medium  is  clear,  well  aerated,  and  of  low  acid- 
ity. Another  condition  of  much  significance  is  the  salt  content  of 
the  medium.  In  a  previous  paper '  I  have  discussed  the  relation  of 
Stentor  to  salt  solutions.  The  cultures  described  in  the  present  part 
of  this  paper  were  set  according  to  methods  detailed  in  Part  I,  ^  using 
a  tap  water  an  analysis  of  the  salt  content  of  which  is  there  given. 
To  these  salts  are  added  those  originating  from  the  hay.  It  is  not 
probable  that  the  total  resulting  salts  differed  enough,  either  qualita- 
tively or  quantitatively,  in  the  periods  of  decline  and  of  predominance 
of  Stentor  to  account  for  the  differentiation  of  these  two  periods.  I 
think  the  same  may  be  justly  said  regarding  other  animals  for  which 
I  shall  present  curves.  It  is  of  course  possible  for  changes  of  the  ap- 
propriate kind  and  amount  to  produce  periods  of  decline  and  of  pre- 

'  Peters:  Metabolism  and  division  in  protozoa,  Proceedings  of  the  Ai 
Academy  of  Arts  and  Sciences,  1904,  xxix,  pp.  441-516. 
'  Peters:  This  journnl,  1907,  xvii,  pp.  443-477- 
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dominance  such  as  here  occur,  owing  to  the  normal  adjustments  of 
the  animals  to  different  conditions  of  salt  content.  To  demonstrate 
that  such  precise  adjustment  exists  requires  only  a  few  experiments 
directed  to  this  end,  and  I  have  reported  numerous  tests  of  this  kind 
in  my  paper  under  date  of  1904,  to  which  I  have  above  made  reference. 
Another  factor  which  might  be  considered  in  accounting  for  the  two 
parts  of  the  Stentor  curve  is  the  food  supply.  I  do  not  believe  that  this 
factor  here  plays  an  effective  part.  By  compressing  Stentors  under 
a  cover-glass  by  the  withdrawal  of  the  water  which  supports  it  much 
of  the  food  of  the  animals  can  be  examined.  The  transparency  of 
the  uninjured  animal  also  permits  direct  observation  of  the  ingested 
matter.  By  this  mcansf  it  is  easily  determined  that  Stentor  coeruleus 
is  omnivorous,  I  have  seen  ingested  Paramsecia,  making  active 
movements  and  finally  disappearing  by  digestion,  thus  showing  that 
Paramaecia  can  serve  as  food.  I  have  also  observed  Stentors  to  be- 
come pale  and  die  in  a  culture  containing  many  Paramsecia,  and  re- 
peated observation  showed  that  the  latter  animals  were  not  being 
utilized  as  food.  Arceli^e,  various  flagellates,  and  algas  seemed  to  be 
more  favorite  foods.  Owing  to  the  omnivorous  habits  of  the  animal,  it 
is  safe  to  say  that  plenty  of  available  food  was  at  all  times  present  pre- 
vious to  their  period  of  abundance,  and  their  failure  to  flourish  during 
the  early  period  must  be  attributed  to  some  other  cause,  '  The  same 
reasoning,  based  upon  similar  hut  less  numerous  observations,  leads 
me  to  the  opinion  that  the  curves  which  I  shall  give  for  other  pro- 
tozoa cannot  be  accounted  for  by  the  conditions  of  the  food  supply. 
While  aeration,  salt  content,  and  food  supply  must  be  favorable  to 
prodjice  a  period  of  abundance  of  a  given  species,  it  is  also  true  that 
the'se  very  conditions  may  be  and  frequently  are  present  when  this 
same  species  maintains  only  a  low  numerical  rank  in  comparison  with 
others.  This  peculiarity  which  is  so  pronounced  in  the  cases  for 
which  I  shall  present  curves  is  best  accounted  for,  it  seems  to  me,  by 
a  consideration  of  those  environmental  conditions  whose  parallel 
changes  can  best  be  correlated  with  the  physiological  variations  of 
the  animals.  That  one  of  these  conditions  which  is  chemically  most 
prominent  in  its  variation  and  which  is  known  to  produce  strong 
physiological  effects  upon  living  protoplasm  is  in  the  present  case  the 
condition  of  acidity.  Other  important  factors  of  a  physical  or  chem- 
ical nature  may  also  have  been  present,  but,  if  so,  they  were  not  de- 
tected. The  hypothesis  that  the  concentration  of  acid  is  probably 
the  most  efficient  factor  in  determining  the  biological  succession  in 
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these  cultures  is  strongly  supported  by  the  results  obtained  in  experi- 
ments made  in  this  laboratory,  on  certain  commonly  occurring  proto- 
zoa, to  test  their  relation  to  an  acid  environment.  Colpidia  and 
ParamcECia  were  raised  in  great  abundance  in  the  same  culture  whose 
medium  was  a  hay  infusion  made  as  previously  described.  It  was 
observed,  however,  that  the  period  of  maximum  abundance  of  Col- 
pidium  always  occurred  earlier  in  the  history  of  the  culture  than  that 
of  Paramecium,  and  that  the  Colpidium  period  always  coincided 
with  that  of  high  acidity  of  the  medium,  the  Paramsecia  reaching 
their  period  of  numerical  predominance  at  some  time  beyond  that  of 
maximum  acidity.  Of  course  both  animals  existed  in  the  culture  at 
the  same  time,  but  the  above  description  fairly  describes  the  numer- 
ical relations.  After  a  time  Colpidia  disappeared,  but  Param^ecia  re- 
mained throughout  a  long  period  of  the  culture  history.  Owing  to  the 
above  conditions,  these  two  animals  offered  good  material  upon  which 
to  test  the  question  of  their  relative  adjustment  to  acid  in  their  medium. 
An  index  to  this  adjustment  was  obtained  by  determining  the  mini- 
mum concentration  of  hydrochloric  acid  which  would  kill  the  animals 
instantly  when  the  concentration  of  acid  was  suddenly  raised  by  the 
addition  of  hydrochloric  acid  to  their  natural  culture  medium.  It  is  im- 
portant to  observe  that  the  animals  were  not  first  brought  into  simi- 
lar and  supposedly  normal  physiological  condition  by  changing  their 
medium  to  distilled  water,  as  has  been  done  in  some  investigations, 
but  these  tests  were  made  with  the  natural  culture  medium  which  was 
the  same  for  both  animals.  Of  course  some  of  the  acid  was  neutralized 
by  the  abundance  of  bicarbonates  in  the  hay  infusion,  but  this  amount 
was  the  same  for  both  animals,  and  we  desired  for  our  purpose  of 
comparison  to  determine  the  relative,  not  the  absolute  killing  points. 
A  detailed  description  of  these  experiments  has  not  been  published, 
and  I  shall  use  here  only  the  results  obtained.  By  the  method  pur- 
sued the  experimenter  became  so  practised  as  to  be  able  to  detect 
with  reliability  killing  points  which  differed  from  each  other  by  the 
concentration  of  a  0.0001  normal  solution  of  hydrochloric  acid.  As 
the  result  of  numerous  experiments  it  was  found  that  Colpidia  and 
Paramxcia  originating  from  the  same  naturally  acid  culture  medium 
required  minimum  concentrations  of  hydrochloric  acid  to  kill  them 
instantly,  which  differed  by  a  several  times  greater  amount  than  the 
limit  of  error  of  the  experimenter.  Furthermore  Colpidium  always 
required  a  much  higher  concentration  of  acid  to  kill  than  Paramcccium. 
From    these   results  we    may  fairly  conclude    that   Colpidium    is 
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much  better  adjusted  to  normally  occurring  high  acidities  than  Para- 
nicecium,  and  that  this  is  one  of  the  chief  factors  in  determining  the 
numerical  superiorily  of  Colpidia  over  Paramjecia  during  the  early 
days  of  a  culture  history,  and  the  reversal  of  this  relation  in  the 
subsequent  period  even  leading  to  complete  disappearance  of  Col- 
pidium.  These  experiments  do  not  lead  to  any  necessary  conclusion 
as  to  how  the  acidity  acts  in  determining  the  proportionate  numbers 
of  the  two  species.  In  particular  the  action  of  the  acid  should  not 
be  interpreted  as  exerting  an  inhibitive  influence  only,  as  if  it  were 
simply  a  poison  in  all  concentrations.  It  is  possible,  and  probable 
from  some  experiments  which  I  have  made,  that  in  low  concentra- 
tions, such  as  might  normally  occur  in  these  cultures,  the  acid  acts 
as  a  stimulant  upon  multiplication,  and  moreover  influences  one 
species  more  strongly  than  another.  The  experiments  with  acid 
were  not  extended  to  other  animals  of  the  series  occurring  in  cul- 
tures, but  I  have  never  found  Stentors  numerous  and  in  healthy 
condition  in  any  medium  whose  acidity  was  high,  and,  as  before 
stated,  the  media  in  which  they  occurred  abundantly  have  shown 
very  low  acidity.  In  its  relation  to  neutral  salts  contained  in  its 
medium  Stentor  has  shown  itself  to  be  very  sensitive,  and  in  view 
of  all  the  facts  thus  far  developed  it  may  be  considered  highly  prob- 
able that  the  condition  of  acidity  of  the  natural  cultures  described 
is  a  determining  moment  in  causing  the  decline  of  the  Stentor  curve 
in  its  initial  period.  I  have  merely  taken  the  curve  for  Stentor 
as  a  type  of  all  those  I  shall  present,  and  I  regard  the  principles 
illustrated  in  Its  explanation  as  applicable  to  all  the  curves.  There- 
fore I  shall  illustrate  from  Stentor  another  proposition  of  general 
validity  for  all  the  species  discussed. 

It  might  be  supposed  that  if  the  different  species  of  protozoa  were 
placed  in  the  culture  liquid  in  sufficient  numbers  at  the  beginning 
they  would  not  show  the  phenomenon  of  occurrence  in  series.  In 
other  words,  a  preponderance  in  numbers  in  the  seed  material  used 
gave  to  some  species  an  advantage  over  others.  To  test  this  pos- 
sibility the  Stentors  were  seeded  into  the  cultures,  for  which  the 
Stentor  curves  are  given  in  very  large  numbers.  The  curve  shows 
that  they  were  third  in  rank  on  the  first  and  second  days.  Since 
they  naturally  occur  in  predominant  numbers  only  in  the  later  period 
of  a  culture  history  this  abundant  initial  seeding  would  show  whether 
mere  force  of  numbers  could  account  for  this  fact.  If  so,  they  ought 
to  flourish  well  in  the  early  period  under  the  condition  of  abundant 
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seeding.  The  curve  actually  obtained  shows  that  they  sufTered  a 
period  of  decline  extending  through  the  first  nine  days  of  the  record. 
Observation  of  the  Stentors  during  this  period  showed  that  they 
became  pale  instead  of  keeping  their  healthy  hlue-green  color  and 
that  many  of  them  disintegrated.  This  period  of  decline  is  to  be 
attributed  to  an  unfavorable  condition  of  the  medium,  and  in  all 
probability  to  the  acidity,  which  was  of  the  most  pronounced  char- 
acter during  this  interval.  Sometimes  Stentors  bear  the  fermentation 
period  much  better  than  in  the  above  typical  case  and  begin  to 
flourish  much  earlier.  It  is  impossible  to  change  their  period  of  pre- 
dominance by  merely  introducing  them  in  sufficient  numbers  at  the 
time  when  the  change  in  numerical  rank  is  desired.  In  other  words, 
the  serial  position  of  these  animals  in  a  list  showing  the  order  of 
numerical  predominance  of  the  different  species  of  protozoa  is  not 
reversible.  Similar  experiments  made  to  test  this  proposition  for 
several  other  species  besides  Stentor  leads  to  the  conclusion  of  the 
general  validity  of  the  principle  that  the  serial  order  of  the  biological 
groups  in  cultures  managed  as  previously  described  is  irreversible. 
This  statement  does  not  exclude  the  possibility  that  some  groups 
may  have  a  range  of  adjustment  so  wide  as  to  flourish  at  all  periods 
of  a  culture  history,  though  I  have  not  found  any  group  that  fell 
strictly  within  this  class.  Paramsecia  occur  abundantly  through  a 
wider  interval  of  time  than  almost  any  other  form,  but  even  they  are 
adversely  affected  by  the  early  conditions.  The  eRort  was  made  to 
seed  the  two  cultures  from  which  the  curves  were  obtained  in  as 
great  abundance  as  taking  the  seed  from  other  old  cultures  would 
permit.  Hence  it  is  easy  to  understand  why,  as  in  the  case  of 
Stentor,  many  of  the  animals  have  a  high  position  in  the  beginning 
which  they  fail  to  maintain.  These  curves  may  be  regarded  as  con- 
taining an  abnormal  period. 

Amoeba  is  almost  always  found  in  these  cultures  in  the  zoogloea 
which  in  successive  layers  cover  their  surface.  Their  numbers  may 
be  small,  but  in  many  cases  they  are  enormous.  I  have  not  esti- 
mated their  numbers  in  such  way  as  to  represent  them  by  a  curve. 
Their  presence  always  coincides  with  the  downward  arm  of  the 
acidity  curve.  I  have  never  observed  them  to  be  numerous  before 
this  time  nor  to  continue  long  after  the  principal  fall  of  the  acidity 
curve.  They  are  never  large  in  size,  but  one  can  note  an  increase 
in  this  respect  from  day  to  day  as  samples  of  the  material  are  taken 
for  examination.     Finally,  when   their  number   becomes    smaller,  it 
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is  observed  that  frequent  cases  occur  of  the  fusion  of  many  indi- 
viduals into  one.  These  features  in  conjunction  with  some  other 
observations  lead  to  the  suspicion  that  the  forms  seen  are  amoeboid 
stages  in  the  life  history  of  some  unknown  organism.  To  what 
extent  this  may  be  true  of  all  amosba;  we  of  course  do  not  know. 

Curve  6  shows  the  data  for  a  form  designated  as  Holotricha  A. 
It  was  present  in  the  culture  from  the  sixth  to  the  twenty-third  day. 
ft  appeared  suddenly  in  great  numbers,  had  a  well-defined  maximal 
period,  and  then  completely  disappeared. 

Curve  7  represents  Hypotricha  A,  a  form  having  a  still  more  lim- 
ited time  range,  extending  from  the  eighth  to  the  fourteenth  day,  but 
during  its  short  maximal  period  it  made  itself  noticeable  by  a  large 
relative  as  well  as  absolute  abundance. 

Curve  8  represents  Heteroiricha  A,  whose  curve  much  resembles 
that  for  Holotricha  A  in  Curve  6,  but  its  numbers  are  pitched  upon 
a  lower  scale. 

Curve  9  represents  Heterotricha  B,  a  form  which  was  always  char- 
acterized by  reaching  its  maximum  during  the  later  stages  of  the 
culture  history. 

Curves  10  and  1  r  represent  two  different  species  of  rotifers.  Like 
Stentor,  the  rotifers  always  belonged  to  the  later  culture  history, 
but  with  this  difference  that  they  are  much  more  resistant  to  adverse 
conditions  than  Stentor.  When  seeded  in  large  numbers  into  a 
culture  at  its  beginning,  the  curve  shows  much  the  same  regions 
as  that  for  Stentor,  and  I  would  attribute  its  course  largely  to  the 
same  influences,  among  which  the  early  acidity  of  the  culture  plays 
a  prominent  part.  The  eggs  of  rotifers  were  easily  obtained  from 
these  cultures,  and  their  development  was  observed  in  separate  prepa- 
rations, using  methods  previously  described. 

Curve  12  represents  Arcella  vulgaris,  whose  number  was  always 
isrge   in  the  early  and  middle  periods  of  the  culture  history. 

Curve  13  represents  Paramsecium.  Paramsecia  were  seeded  into 
the  medium  in  very  large  number,  and  hence  the  curve  does  not 
fairly  represent  the  position  of  their  optimum  conditions,  which 
occurs  beyond  the  period  of  greatest  acidity.  Owing  to  their  adjust- 
ment to  a  wide  range  of  conditions,  their  number  did  not  diminish 
as  pronouncedly  during  the  period  of  high  acidity  as  was  the  case 
with  Stentor,  an  organism  of  much  narrower  range  of  adjustment. 
Experinnents  which  will  not  be  detailed  here  have  shown  that  a  cer- 
tain low  concentration]^of 'acidity  acts' as  a  [stimulus  upon  the  rate  of 
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division  of  Paramzecium,  but  at  a  higher  concentration  becomes  in- 
hibitory. The  large  range  of  adjustment  of  Paramsecium  also  explains 
why  they  are  a  numerically  prominent  organism  throughout  the 
greater  part  of  a  culture  history. 


FICUKE  Z.  —  The  accompanying  curves  are  all  plotted  to  the  same  scgle  of  day<i,  showing 
the  ages  of  the  cultures  on  the  ordinates  from  0  (o  30.  Curves  1  to  4  are  plotted 
in  the  first  quadrant,  numbers  5  to  13  in  the  fourth,  so  that  uniformly  a  rising  curve 
indicate*  an  increaiing  quantity,  us  in  Curves  1  to  4,  or  an  increasing  numerical  rank 
as  in  Carves  5  to  13.  The  sudden  beginning  or  cessation  of  a  curve  indicates  that 
the  animals  are  at  that  time  entirely  absent,  or  perhaps  too  few  to  att 
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The  discussion  of  the  preceding  curves  shows  that  in  order  to  de- 
termine from  them  the  period  of  an  animal's  optimum  conditions  due 
allowance  must  be  made  for  the  effect  produced  upon  the  curve  at  its 
beginning  by  seeding  the  organism  in  question  into  the  medium  in 
very  large  numbers. 

A  study  of  all  the  data  shows  that  the  entire  history  of  a  culture 
managed  as  described  falls  into  a  number  of  easily  recognizable 
periods.  I  would  describe  these  in  broad,  general  terms  as  follows: 
The  first  is  the  period  of  high  acidity  characterized  biologically  by  an 
abundance  of  bacteria.  The  next  succeeding  period,  that  of  falling 
acidity,  is  characterized  by  some  well-adjusted  forms  which  appear  in 
sudden  abundance  but  whose  time  range  is  limited.  To  this  group 
belong,  roughly,  Amoeba,  Holotricba  A,  Hypotricha  A,  Hcterotricha  A. 
The  third  period  I  have  usually  referred  to  as  the  later  culture  his- 
tory. It  is  characterized  by  Stentor  and  rotifers,  and  by  the  de- 
velopment of  a  rich  growth  of  green  algje  which  continues  into  the 
next  period.  Param^ecium,  as  above  explained,  extends  through  both 
the  second  and  third  periods.  The  fourth  period  is  marked  by  the 
practical  exhaustion  of  available  organic  food  for  animals,  and  it  may 
be  well  called  the  period  of  faunal  sterility.  Small  Crustacea,  e.  g. 
Cyclops,  frequently  live  for  a  considerable  time  during  this  period. 
The  period  is  characterized  by  the  conspicuous  absence  of  numbers 
and  variety  of  organisms  and  the  medium  is  frequently  destitute  of 
living  things  except  for  the  presence  of  spores  and  cysts  or  of  eggs. 
It  is  worthy  of  note  that  a  culture  can  be  revived  by  refeeding  it,  by 
the  same  method  as  originally  used,  when  it  has  arrived  at  the  end  of 
the  third  or  the  beginning  of  the  fourth  period.  If  thus  refed  with- 
out reseeding,  practically  the  same  phenomena  will  recur  as  the  culture 
has  already  once  exhibited. 


V.  Summary. 

I.  A  liquid  medium  consisting  of  water,  salts,  gases,  and  organic 
matter  from  the  extraction  of  hay  has  been  studied  as  a  type  repre- 
senting the  essential  conditions  of  the  solutions  in  which  the  vast 
majority  of  cells  pass  their  existence.  After  seeding  this  medium 
with  a  considerable  variety  of  plant  and  animal  organisms  its  progres- 
sive chemical  changes  from  day  to  day  were  quantitatively  determined. 
These  estimations  included  mainly  the  (1)  phenolphthalein  acidity, 
(2)    methyl-orange   alkalinity,  (3)  electrical   conductivity,  (4)  oxy- 
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gen  consumed,  (5)  organic  nitrogen.  A  determination  of  the 
parallel  biological  changes  was  also  made  by  methods  which  showed 
the  relative  abundance  of  the  different  organisms  present  at  a  given 
time.  The  ranks  attained  from  day  to  day  by  different  organisms 
have  been  plotted  in  curves  which  show  variations  in  relative  abun- 
dance throughout  the  history  of  a  culture. 

2.  The  data  obtained  indicate  that  of  the  chemical  conditions  the 
concentration  of  acid,  which  is  due  primarily  to  bacterial  metabolism, 
is  one  of  the  chief  factors  determining  the  biological  content  and 
history  of  a  culture  managed  as  previously  described.  The  biological 
data  show,  besides  the  facts  regarding  the  relative  numbers  of  each 
individual  organism  studied,  that  the  history  of  3  culture  shows  four 
recognizable  periods.  The  first  is  characterized  by  maximum  acidity 
and  by  the  very  abundant  development  of  certain  bacteria.  The 
second  period  shows  a  falling  degree  of  acidity,  and  in  it  develop 
certain  forms  which  appear  suddenly  in  large  numbers  but  which  are 
of  only  temporary  supremacy.  The  third  period  is  of  longer  duration, 
shows  low  acidity,  and  has  its  characteristic  forms,  which  may  have 
been  present  previously,  but  whose  maximum  occurs  here  and  is  more 
or  less  prolonged.  The  fourth  period  proceeds  with  an  exhausted 
condition  of  organic  matter  and  a  more  or  less  favorable  salt  solution 
for  the  nutrition  of  algae,  which  solution  owes  its  origin  partly  to  the 
previous  mineralization  of  the  organic  matter  by  biological  processes. 
Few  faunal  organisms  live  in  this  period,  but  green  algae  may  develop 
abundantly  under  favorable  conditions  of  illumination  and  temperature. 

3.  When  an  organism  has  a  pronounced  optimum  position  at  either 
extreme  of  the  culture  history  it  is  not  possible  to  reverse  the  position 
of  its  optimum  by  seeding  it  into  the  culture  at  a  different  time  than 
that  of  its  optimum.  The  organism  so  seeded  speedily  undergoes 
diminution  in  numbers  in  consequence  of  the  unfavorable  conditions 
of  the  medium.  The  normal  sequence  of  narrowly  adjusted  organisms 
is  irreversible. 
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GASTRIC    PERISTALSIS    IN   RABBITS   UNDER  NORMAL 
AND  SOME  EXPERIMENTAL  CONDITIONS. 

By  JOHN  AUER. 

IFivm  th*  Rfekifttttr  ImtiluU  /or  BitdUal  Ktitarek  and  Ikt  Pkyswtogieal  Laioratfiy, 

Harvard  Mtdkal  Scho^^ 

iNTRODUCTIONi 

UNTIL  quite  recently  knowledge  of  the  behavior  of  normal  gas- 
tric peristalsis  was  derived  from  studies  by  various  methods,  all 
of  which  were  carried  out  under  more  or  less  distinctly  pathological 
conditions.  These  methods  were  as  follows:  (i)  Observation  ot 
the  excised  stomach  placed  in  a  moist,  warm  chamber  (Hofmeister 
and  Schiitz').  The  abnormality  of  this  procedure  is  evident  and 
requires  no  comment.  (2)  Observation  of  the  stomach  in  the 
living  animal  with  opened  abdomen  without  anaesthesia  (Wepfer,  * 
Schwartz  *)  or  under  the  influence  of  morphine  or  curare  (Rossbach  *). 
We  know  now  that  pain  and  rage  as  well  as  morphine  and  curare 
modify  the  behavior  of  normal  peristalsis.  The  profound  efTect  which 
opening  of  the  abdomen  exerts  upon  peristalsis  will  be  discussed  later. 
C3)  Study  of  the  peristalsis  through  a  gastric  fistula  in  man  and 
animals  by  introducing  into  the  stomach  a  thermometer  (Beaumont '), 
a  manometer  (Uffelman*)  or  a  balloon  connected  with  a  graphic  ap- 
paratus (Ducceschi  ^).  The  adhesions  of  the  stomach  to  the  ab- 
normal wall  and  the  presence  of  foreign  bodies  in  the  stomach  surely 
influence  normal  peristalsis.     (4)  Peroral  introduction  of  a  stomach 

■  Hofmeister  and  SchUtz:  Archiv  fur  experimentelle  Pathologic  und  Phar- 
makologie,  1886,  xx,  p.  7. 

*  Wepfbr;  Historia  cicutx  aqnaticse,  Basel,  1679,  p.  151. 

*  Schwartz  :  Haller's  Dissertationes  anatomicK,  GOttiogen,  1746,  i,  p>  337. 

*  Ross&ACH  :  Deutsches  Archiv  fiir  kliniache  Medicin,  1890,  xlvi,  p.  296. 

*  Beaumont:  Physiology  of  digestion,  Burlington,  1847. 

*  Uffelman  :   Deutsches  Archiv  fiir  kliniscbe  Medicin,  1877,  sx,  p.  546. 

»  DuccESCHi :  LuciANi's  Physiologic  dea  Menschen.    Translated  by  Baolioki 
aitid  WiNTBRSEiN,  1906,  ti,  pp.  163  It  stq. 
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tube,  the  tip  of  which  is  provided  with  a  balloon  (Morat ').  Besides 
the  fact  that  we  have  here  again  a  foreign  body  in  the  stomach,  the 
presence  of  the  tube  in  pharynx  and  cesophagus  and  the  reflexes 
it  produces  are  probably  not  without  modifying  influences  upon  the 
normal  course  of  gastric  peristalsis.  Moreover,  tracings  so  obtained 
without  any  other  control  are  open  to  a  variety  of  interpretations. 

The  only  method  which  can  claim  to  investigate  normal  peristalsis 
under  normal  conditions  is  the  fluoroscopic  inspection  of  the  stomach 
after  giving  the  animal  food  mixed  with  bismuth.  As  is  well  known, 
this  method  has  been  extensively  employed  by  W.  B.  Cannon  '  for  the 
last  ten  years,  and  the  numerous  results  which  it  brought  to  light 
need  not  be  pointed  out  to  readers  of  this  journal.  In  these  studies 
the  observations  were  mostly  made  on  the  stomachs  of  cats.  A  dis- 
advantage of  this  method  is  the  fact  that  it  demands  complex 
apparatus,  and  furthermore  the  method  requires  also  an  investigator 
who  is  an  expert  in  this  mode  of  observation. 

Considering  the  numerous  researches  which  deal  with  gastric  peri- 
stalsis, it  is  somewhat  surprising  that  a  method  was  overlooked  by 
means  of  which  stomach  motihty  could  be  studied  in  a  common 
laboratory  animal  without  any  operation,  and  under  conditions  that 
are  as  physiological  as  any  method  can  give  that  demands  fixation  of 
the  animal.  In  the  rabbit  mere  inspection  reveals  gastric  peristalsis. 
In  the  literature  no  statement  was  found  indicating  this  fact.  On 
the  contrary,  many  writers  point  out  especially  the  tardiness  or  lack 
of  peristalsis  of  the  rabbit's  stomach.  But  these  writers  studied  the 
stomach  in  the  opened  abdomen,  where  its  motility  is  indeed  strikingly 
retarded,  if  not  entirely  absent. 

Normal  Peristalsis  of  the  Rabbit's  Stomach. 

Mathoda  of  obMrratlon.  —  The  animals  were  observed  under  normal 
conditions ;  the  only  abnormal  state  was  their  extension  and  fixation  on 
a  holder.  They  were  placed  on  cotton  and  well  covered  to  prevent  loss 
of  heat  as  much  as  possible.  Disturbing  and  exciting  influences  were 
avoided.  No  narcotics  were  administered  except  in  experiments 
devoted  to  the  study  of  their  effects. 

The  observations  were  carried  out,  in  the  first  place,  by  simple  in- 
spection.    With  a  little  practice  any  one  may  recognize  the  stomach 

>  Morat:  Archives  de  physiologie,  1893,  v,  p.  142. 

'  Cannon.W.B.:  Science,  June  II,  1897,  p.  902;  This  journal,  189S,  i,  p.  359. 
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waves  and  follow  out  their  course.  It  is  a  great  advantage  that  a 
number  of  persons  may  observe  the  peristaltic  movements  at  the 
same  time,  and  individual  subjective  observations  can  thus  be  satis- 
factorily controlled.  Besides  simple  inspection,  tracings  of  the  gastric 
movements  were  obtained.  These  tracings  have  the  advantage  that 
their  interpretation  was  controlled  by  the  inspection  method. 

Inspection.  —  If  a  rabbit,  well  fed  shortly  before  the  experiment,  is 
stretched  on  its  back  and  the  hair  of  the  upper -abdominal  region 
cut  short,  a  large  part  of  the  stomach  can  easily  be  outlined  by  in- 
spection and  by  palpation.  The  position  occupied  is  usually  either 
diagonally  from  the  right  chondro-xiphoid  region  downward  and  to 
the  left,  or  the  organ  lies  transversely.  Full-grown  rabbits  are  pref- 
erable, for  their  stomachs  are  larger  and  a  greater  area  is  available 
for  observation,  due  to  a  perhaps  normal  gastroptosis. 

Inspection  of  the  stomach  area  for  the  first  few  minutes  reveals  no 
motion  (Fig.  3,  a),  but  after  three  to  ten  minutes  a  shallow  depression 
may  be  seen  apparently  arising  at  the  junction  of  the  fundic  and 
middle  thirds  of  the  stomach.  This  depression  courses  slowly  over 
the  viscus  from  left  to  right,  increasing  moderately  in  depth  as  the 
pyloric  third  is  approached.  The  initial  depression  on  the  abdominal 
wall  of  the  rabbit  over  the  stomach  apparently  does  not  reach  the 
greater  cufvature.  Whether  this  wave  involves  the  lesser  curvature 
cannot  be  stated,  for  this  portion  of  the  stomach  is  hidden  from  sight 
by  a  lobe  of  the  liver.  Preceding  the  depression  is  a  bulging,  which 
increases  and  reaches  its  maximum  at  the  beginning  of  the  pyloric 
third.  On  reaching  this  point  the  depression  often  seems  to  pause  for 
an  appreciable  period  of  time,  and  then  a  contraction  of  the  bulging 
pyloric  third  sets  in.  This  latter  contraction  does  not  seem  peristaltic, 
but  apparently  occurs  more  or  less  as  a  whole ;  the  bulging  sinks  away 
without  showing  any  peristaltic  wave.  During  this  sinking  the  con- 
traction causing  the  bulging  relaxes,  and  the  contents  of  the  pyloric 
third  may  often  be  seen  forced  partially  into  the  middle  third  of  the 
stomach  again,  thus  simulating  a  short  anti-peristaltic  wave.  At 
other  times,  especially  in  young  rabbits,  and  when  the  stomach  was 
moderately  dislocated  downward  in  order  to  render  the  pyloric  third 
more  completely  visible,  the  contraction  of  this  portion  of  the  stomach 
seemed  to  be  caused  by  a  peristaltic  wave  which  traversed  the 
bulging. 

When  peristalsis  is  fully  established,  the  prominence  of  the  pyloric 
third  at  the  end  oi  a  gastric  wave  is  very  marked,  and  its  peculiar 
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contraction  may  then  be  best  noted.  The  contraction  may  reduce 
the  mass  to  the  same  level  occupied  by  that  stomach  region  before 
diastole  (Fig.  r,  a),  or  the  systole  may  be  so  powerful  that  the  pyloric 
third  disappears  entirely  from  view  (Fig,  i,  *).  During  a  contraction 
of  the  latter  type  a  bubbling  sound  is  often  audible. 

The  waves  increase  slowly  in  vigor  and  frequency,  and  are  most 
marked  about  one  to  two  hours  after  feeding  (Fig.  i,  a,  b).  Then 
the  constriction  at  the  beginning  of  the  pyloric  third  and  the  bulging 
of  that  portion  become  extremely  marked.  In  many  instances  the 
constriction  was  so  marked  that  separation  of  this  part  from  the  rest 
of  the  stomach  cavity  seemed  to  he  produced,  the  organ  showing  an 
houi^lass  shape.  This  constriction  was  a  few  millimetres  in  width 
at  its  base,  and  cither  maintained  its  position  and  strength  during 
the  ensuing  contraction  of  the  pyloric  third  or  relaxed  during  it. 

Pyloric  sounds.  —  If  the  powerful  constriction  described  above  was 
more  or  less  maintained,  a  musical  gurgling  sound  was  frequently 
heard  during  the  contraction  of  the  pyloric  third.  This  sound  seemed 
to  be  produced  in  the  right  hypochondriac  region,  and  on  lightly 
pressing  a  finger  beneath  the  pyloric  portion  of  the  stomach  over  the 
duodenum,  a  fine  bubbling  thrill  of  varying  length  and  intensity 
could  be  easily  felt.  This  thrill  occurred  at  irregular  intervals,  and 
seemed  undoubtedly  to  be  produced  by  the  expulsion  of  liquid 
material  from  the  stomach  into  the  gas-containing  duodenum.  Palpa- 
tion frequently  showed  a  thrill  in  the  duodenal  region,  when  the  un- 
aided ear  heard  no  sound,  and  when  the  constriction  above  noted  was 
not  extreme.  It  must  be  mentioned  that  a  loop  of  the  caecum  passes 
just  beneath  the  pyloric  third  of  the  stomach,  and  in  this  loop  csecal 
sounds  may  be  heard  and  felt.  Their  dull,  popping  character  and 
coarse  thrill  is  quite  different  from  the  rather  musical,  high-pitched 
sound  and  fine  thrill  produced  by  the  expulsion  of  material  through 
the  pyloric  sphincter. 

Graphic  registration. — The  frequency  of  the  waves  varied  from 
one  to  five  or  more  per  minute;  two  waves  crossing  the  stomach  at 
the  same  time  could  always  be  seen  when  peristalsis  was  active.  In 
order  to  count  them  for  long  periods  of  time  graphic  registration  was 
used. 

This  was  easily  accomplished  by  pkcing  a  Marey  receiving  tambour,  about 
four  centimetres  in  diameter,  over  the  pyloric  third  of  the  stomach,  and 
then  connecting  with  a  Marey  writing  tamhour  which  traced  the  volume 
curve  of  the  stomach  area  covered  on  smoked  paper.    The  receiving 
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Umbour  was  held  in  place  by  four  pieces  of  tape  radiatiag  from  the  tam- 
bour stem,  the  tape  ends  passing  through  holes  in  the  rabbit  board  where 
they  were  fixed  by  plugs.  .  The  position  of  the  tambour  itself  was  marked 
on  the  abdominal  wall  with  pencil,  so  as  to  permit  readjustment  when 
dislodged  by  movements  of  the  animal.  Id  this  connection  it  may  be 
permitted  to  state  that  considerable 
patience  is 
rabbits,  for  ai 


I  to  state  that  considerable  ^  fc     ^ 

is  of^en  required  with  some    f\j\j'\/\/\r\  f^ 

<T  active  movements  usually         ^      •  v  .^     y 


require  rearrangement  of  the  receiv- 
ing tambour.  After  preparing  the 
animal  in  this  fashion  it  was  covered 
with  cloths  and  cotton  wool,  so  as 
to  prevent  loss  of  heat  as  much  as 
possible. 


In  the  tracings  the  upuiard  di- 
rection of  the  curve  means  an  in- 
crease in  volume  of  the  stomach 
area  covered  by  the  tambour,  a 
diastole ;  the  downward  movement 
means  a  diminution  in  volume  of 
that  area,  a  systole. 

By  this  method  not  only  the  stomach  waves  are  written,  but 
the  respirations  are  also  shown  as  oscillations  superimposed  on  the 
stonlach  waves.    With  delicate  adjustment  of  the  writing  lever  the 


M  n  M  I  U  M  1  I  U  I  J-U- 

PicuRK  Id.  —  All  the  tracings  are  taken 
from  the  pyloric  third  of  the  rabbil's 
stomach  by  means  of  umbonn.  The 
large  waves  are  stomach  waves,  the 
rising  limb  represcnliag  an  tncKise 
in  volume,  diastole ;  the  descending 
limb  representing  a  diminution  of  vol- 
ume, systole,  of  the  pyloric  third. 
The  smaller  curves  superimpoaed  on 
the  larger  are  respiratory  oscillation*. 
Time  marks  represent  six  seconds. 
Tracing    taken   twenty  minutes    after 


FiGURs  1^  —  Same  animal  eighty  minutes  after  feeding.    The  three  strong 
are  to  be  noted;  pyloric  soands  as  a  rule  are  associated  with  them. 

heart  beats  are  shown  as  small  fiotches  on  the  respiratory  oscillations. 
■  The  pyloric  third  was  usually  chosen  for  registration  because  the 
waves  are  there  most  marked.  The  tracings  bring  out  well  the  points 
already  described,  and  emphasize  the  almost  machine-like  regularity 
of  the  waves,  which  occur  one  or  two  hours  after  feeding.  Then  there 
is  usually  only  a  slight  pause,  or  none  at  all,  between  the  rhythmic 
play  of  systole  and  diastole  (Figs,  i,  a,  2,  b,  3,  c).    If  a  considerable 
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length  of  time  has  elapsed  since  the  last  feeding  and  when  peristalsis 

is  slow,  the  pause  between  systole  and  diastole  may  be  marked  (Figs. 

I.  c,  3,  a)  and  the  waves  do  not  occur  with  such  marked  regularity, 

both  as  to  time  and  strength  of  contraction. 

The  length  of  time  necessary  for  a  wave  to  traverse  the  stomach 

cannot  be  determined  by  this  method  with  accuracy,  for  the  real 
starting  time  cannot  be  noted; 
because  the  depression  caused 
by  a  beginning  gastric  wave  is 
probably  so  slight  that  the  ab* 
dominal  wall  shows  no  sign  of 
it.  Bearing  this  in  mind,  it  may 
be  stated  that  the  waves  take 
approximately  about  twenty  sec- 

FiGUREU.-FiMhounafier  feeding.  Taken  onds  to  cross  the  stomach.    The 

from  another  Tibbll  which  showed  rapid  r  .,_  ,      .     ^.  ■   j 

letpiration  Contraction  of  the  pyloric  third, 

from  the  beginning  of  diastole 

to  the  end  of  systole,  consumes  about  fifteen  seconds.     This  time 

interval  is  fairlyconstant,  as  an  examination  of  the  tracings  will  show. 

As  already  stated,  the  site  of  origin  of  a  gastric  wave  cannot  be 
determined  with  accuracy^  Inspection  shows  the  first  sign  of  a  de- 
pression on  the  anterior  surface  of  the  stomach,  about  at  the  junc- 
tion of  the  fundic  and  middle  thirds.  This  corresponds  about  to  the 
region  below  the  entrance  of  the  ossophagus.  When  the  receiving 
tambour  is  placed  over  the  fundus,  changes  in  volume  are  registered ; 
but  this  can  by  no  means  be  interpreted  as  due  to  a  wave  starting  at 
that  place;  it  might  well  represent  only  the  bulging  caused  by  the 
transmission  of  pressure  produced  by  a  wave  beginning  nearer  the  py- 
lorus. The  method  described  can  give  no  definite  answer  to  the 
question,  whether  or  not  gastric  waves  begin  in  the  fundus. 

When  the  abdomen  of  a  rabbit  is  opened  so  as  to  identify  the  dif- 
ferent portions  of  the  stomach  seen  through  the  intact  abdominal 
wall,  it  is  found  that  the  pyloric  third  is  composed  of  two  well-defined 
divisions,  an  antrum  and  a  prearitrum.  The  marked  bulging 
which  the  abdominal  wall  shows  towards  the  end  of  a  gastric  wave, 
as  described  in  the  preceding  pages,  is  caused  by  the  filling  of  the 
preantral  portion.  This  preantral  division  is  well  marked  off  from 
the  rest  of  the  stomach  by  a  pouching  which  occurs  both  on  the 
lesser  and  greater  curvatures,  the  one  on  the  greater  curvature  being 
the  longer  and  larger  of  the  two;  the  preantrum  thus  forms  a  knee 
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connecting  the  stomach  with  the  antrum.  But  these  outpocketings 
are  not  the  only  features  that  serve  to  differentiate  this  region ;  its 
musculature  is  thick,  practically  as  thick  as  that  of  the  antrum  itself, 
and  the  border  of  the  preantral  bag  is  quite  sharply  marked  off  from 
the  thin  musculature  of  the  fundic  part  of  the  stomach.  The  muscu- 
lature of  the  preantrum  shows  strong  circular  fibres,  some  of  which 
apparently  insert  in  tendinous  patches,  of  which  each  surface,  anterior 
and  posterior,  shows  one.  The  preantrum  is  flattened  anteroposte- 
riorly,  and  the  level  of  the  two  surfaces  is  about  that  of  the  stomach 
proper. 

The  antrum  itself  is  very  muscular,  and  forms  a  cone-shaped  cap, 
closing  the  preantral  cavity.  Between  antrum  and  preantrum  is  a 
definite  constriction  marking  the  antral  sphincter ;  between  pre- 
antrum and  the  rest  of  the  stomach  is  another  perfectly  definite  con- 
striction, and  at  this  region  the  preantral  musculature  abruptly  loses 
its  thickness,  its  border  forming  the  pteantral  sphincter. 

Inspection  of  a  rabbit's  abdomen,  as  a  rule,  shows  only  the  pre- 
antral portion  of  the  pyloric  third  of  the  stomach ;  the  antrum  is  too 
deeply  located  to  affect  during  its  activity  the  surface  conformation 
of  the  abdomen  under  ordinary  conditions. 

Dlsonuion.  —  From  the  description  given  above,  it  will  be  seen  that 
the  preantral  region  of  the  rabbit's  stomach  is  definitely  differentiated 
I  anatomically,  and  possibly  has  also  a  different  function.  The  litera- 
ture does  not  contain  definite  statements  on  the  preantrum.  Hof- 
meister  and  Schiitz,^  it  is  true,  speak  of  a  "  preantral  constriction," 
which  marks  the  end  of  the  first  phase  of  their  "  Peristole,"  but  it  is 
evident  that  they  only  mean  to  localize  the  site  of  the  constriction 
by  this  term ;  there  is  no  evidence  that  they  meant  to  differentiate  a 
preantrum  from  the  antrum.  Cannon,*  in  a  diagram  of  the  cat's 
stomach,  distinguishes  a  preantrum  from  the  antrum,  but  no  special 
statement  is  made  regarding  its  structure  and  function.  Ellen- 
berger  and  Baum  '  make  no  mention  of  a  preantrum  in  the  dog.  The 
textbooks  on  human  anatomy  describe  no  preantral  region.  For 
the  rabbit  itself  this  anatomical  differentiation  of  the  pyloric  third 
of  the  stomach  into  an  antrum  and  preantrum  seems  to  be  un- 
known; Krause*  states  nothing  bearing  on  this  question.     Nor  do 

'  HoFKEiSTER  and  SchOtz:  Loe.  eit. 

■  CANK0.V :  This  journal,  1898,  i,  p.  364. 

■  Ellenbekger  and  Baum  :  Anatomic  des  Hundes,  1891,  p.  290. 
*  Krause  :  Die  Anatomie  des  Kaninchens,  1884. 


Digitized  by  Google 


354  John  Auer. 

Oppel '  and  Wiedersheitn  '  mention  or  give  a  drawing  of  the  prean- 
tnim  in  rabbits. 

It  is  interesting  to  note,  however,  that  the  behavior  of  the  rabbit's 
preantrutn  during  a  gastric  wave  tallies  quite  well  with  the  description 
Hofmeister  and  Schiitz  "  give  of  the  r61e  played  by  the  antrum  in  the 
■  dog.  Those  authors  state  that  a  gastric  wave,  as  seen  in  the  excised 
stomach  of  a  dog,  consists  of  two  phases.  During  the  first  phase  a 
peristaltic  wave,  increasing  in  intensity  as  it  progresses,  ends  in  a 
deep  preantral  constriction.  During  the  second  phase  the  sphincter 
antri  contracts  powerfully,  the  preantral  constriction  relaxing  mean- 
while, so  that  the  stomach  assumes  an  hourglass  shape,  the  antral 
cavity  being  separated  from  the  rest  of  the  stomach ;  then  the  an- 
trum contracts,  not  peristaltically,  but  more  or  less  as  a  whole.  It  is 
unfortunate  that  the  data  at  hand  do  not  justify  any  definite  state- 
ment regarding  the  behavior  of  the  rabbit's  antrum  during  a  gastric 
cycle. 

Moreover  it  must  be  mentioned  that  Hofmeister '  and  Schiitz's 
description  of  gastric  peristalsis,  while  corroborating  Beaumont's*  ac- 
count, has  not  in  its  turn  been  corroborated  by  more  recent  investi- 
gators. Rossbach,"  Cannon,"  Roux  and  Balthazard,^  all  state  that  the 
gastric  wave  sweeps  peristaltically  over  the  antrum  in  cats,  dogs, 
and  man. 

Whether  in  the  rabbit  the  antrum  behaves  like  its  preantrum,  and 
whether  there  is  a  difference  in  the  peristaltic  contraction  of  the 
stomach  between  herbivorous  and  carnivorous  animals,  are  problems 
whose  solution  must  be  left  to  future  studies. 

Gastric  Peristalsis  under  soue  Experimental  Conditions. 

This  method  lends  itself  readily  to  the  study  of  gastric  motility 
under  various  experimental  conditions,  and  some  of  the  facts  obtained 
win  now  be  described. 

*  Oppel  :  Lehrbuch  der  vcTgleichenden  mikroskopischen  Anatomie  der  Wirbel- 
thiere,  1896,  i,  p.  386. 

'  WiEDERSBEiM :  Ver^letchende  Analomie  der  Wirbelthiere,  1901,  p.  376. 
■  HoFUEiSTER  and  SchCtz  :  Archiv  fiir  experimentelle  Pathologic  und  Pbar- 
makologie,  1886,  xx,  p.  8. 
<  Beauuont  :  Loc.  cit. 

*  RosSBACH :  Deutsches  Archiv  tiir  kliniache  Medicin,  1890,  xlvi,  p.  296. 
'  Cannon  ;  This  journal,  1898,  i,  p.  367, 

^  Roux  et  Balthazard:  Comples  rendus  de  la  soci^M  de  biolo^e,  1S97,  iv> 
p.  705 ;  Archives  de  physiologie,  1898,  xxx,  p.  88. 
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PwUng.  —  If  a  well-fed  animal,  whose  stomach  motility  has  been 
noted,  is  starved  from  twelve  to  twenty-four  hours,  the  peristaltic 
waves  are  greatly  reduced  in  strength  and  may  be  absent  entirely. 
Full-grown  animals  must  be  used  for  this  study,  because  a  twenty- 
four-hour  fast  reduces  the  volume  of  the  stomach,  so  that  in  young 
rabbits  the  pyloric  third  is  largely 
hidden  by  the  right  costal  arch. 
In  older  rabbits  the  viscus  is  larger, 
lies  lower  in  the  abdominal  cavity, 
and  fasting  for  a  moderate  time 
does  not    markedly  decrease  the 
stomach  surface  available  for  study,    fiourb  2a.  — stomach  wa»  moderately 

This     reduction,     or     cessation     of         dUtended  with  .ir  before  Wcing  wm 
,  1      .  r  taken.     No  movements  TUible  before 

Stomach  movements  dunng  fast-       jutention.  a.  «nim.i  wm  starved, 
ing,  has  been  noted  by  many  ob- 

servers  In  different  animals.  The  cessation  is  particularly  interesting 
in  rabbits,  because  this  animal's  stomach  is  never  empty ;  after  a  fast 
of  ten  days  the  stomach  is  considerably  reduced  in  size,  but  it  still 
contains  a  fair  amount  of  material 


FiGURK  ZJ.  — Air  mu  removed  from  the  FiaURE  2  c.— Same  animal.  Stomach  re- 

stomach  per  tube :  diminution  of  gastric  distended  with  air:  increase  in  strength 

DUuntLon.  —  From  the  above  it  would  seem  as  if  a  certain  disten- 
tion were  a  factor  in  the  production  of  the  peristalsis.  This  suppo- 
sition was  established  by  an  experimental  test.  When  the  stomachs 
of  starving  rabbits,  which  show  only  slight  or  no  gastric  motility,  were 
distended  with  air  or  water,  peristaltic  waves  arose,  or  were  increased, 
if  they  had  been  present  before.  Figure  2,  a,  shows  strong  and 
regular  gastric  pulsations  obtained  from  the  pyloric  third,  after  mod- 
erate distention  of  the  viscus  with-air  introduced  per  stomach  tube; 
before  the  distention  no  waves  were  visible.  Some  time  after  dis- 
tention, the  air  was  removed  as  much  as  possible  through  a  catheter 
passed  into  the  stomach ;  the  stomach    waves   were   again    greatly 
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redaced  (Fig.  2,  b).  On  redistention  with  air  (catheter),  vigorous 
peristalsis  waa  re-eatablisbed  (Fig.  2,  c).  The  distention  must  be 
moderate ;  the  amount  varies  with  each  animal.  Too  much  pressure 
not  only  fails  to  cause  increased  activity,  but  reduces  whatever  mo- 
tility existed  before  distention ;  and  if  too  little  air  or  water  is  intro- 
duced the  increase  may  be  only  slight  or  absent  entirely.  After 
distention  with  air  pyloric  sounds  frequently  occur,  and  by  this 
method  they  may  be  produced  at  will. 

This  distention  reflex  has  been  described  by  Schutz,'  who  used  the 
dog's  excised  stomach,  and  by  Ducceschi."  The  latter  gives  tracings 
illustrating  the  primary  increase  on  distention  and  the  decrease  in 
strength  of  the  contractions  by  overdistention  of  the  dog's  stomach. 

Distention,  however,  is  probably  not  the  only  factor  in  producing 
strong  peristalsis.  It  was  stated  above  that  peristalsis  of  the  rabbit's 
stomach  was  most  vigorous  one  to  two  hours  after  feeding,  and  that 
the  increase  in  vigor  was  gradual  (Fig.  i  a,  h).  If  the  distention 
were  the  sole  cause  of  the  peristalsis,  it  should  set  in  immediately 
after  feeding,  since  it  is  then  that  the  chief  distention  takes  place ; 
unless  it  is  assumed  that  the  stomach  volume  is  considerably  aug- 
mented by  the  formation  of  gases  in  some  fashion  or  other  within  the 
stomach  during  digestion.  However,  the  view  expressed  by  some 
writers,  that  the  products  of  digestion  assist  in  stimulating  the 
stomach  movements  possibly  explains  the  gradual  increase  in  a  more 
plausible  fashion. 

COKDITIOHS   INHIBITING   PERISTALSIS. 

The  stomach  movements  are  easily  inhibited  by  a  variety  of 
influences, 

FBjabio  infltwno*.  —  The  necessary  handling  to  which  the  rabbit  is 
subjected  when  being  tied  on  the  board  stops  gastric  peristalsis  for  a 
variable  length  of  time,  as  has  already  been  mentioned  (Fig.  3,0). 
Within  ten  minutes,  as  a  rule,  movements  again  appear.  But  if  the 
animal  be  startled  in  any  way,  or  if  it  struggles,  motion  is  again 
abolished  for  some  time.  Occasionally  the  stomach  stops  moving  for 
no  cause  appreciable  to  the  observer.  The  influence  of  emotions 
upon  gastric  peristalsis  is  not  new;  Cannon^  has.  found  that  rage, 

'  SCHtiTZ :  Archiv  fiir  experimentelle  Pathologie  und  Pharmakologie,  1886, 
Kii,  p.  343- 

*  See  LuciANi's  Fisiologie  del'  Uomo,  1901,  i,  p.  680,  for  tracings. 

■  Cannon:  Lae.  eit.,  p.  380. 
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fright,  anxiety,  abolish  movements  of  the  stomach  in  the  cat ;  and 
Rosshach '  has  noted  stoppage  of  intestinal  peristalsis  after  the  same 
causes  in  the  human  subject. 


Figure  3  o.  —  Tracing  taken  shortly  after  animal  was  strelcbed  out  on  board.    Note  the 
initial  inhilntion  (only  partly  shown  in  tracing). 

Eth«r.  —  When  ether  is  given  continuously  to  a  rabbit,  advancing 
the  cone  very  slowly  toward  the  animal  and  avoiding  respiratory 
stoppage,  the  first  effect,  as  a  rule,  is  cessation  of  peristalsis.  This 
inhibition  of  gastric  peristalsis  lasts  from  thirty  seconds  to  several 


FiCUKK  3  ^.  — Same  animal  now  fully  ansesthetiied  b;  ether.     The  perittalsii  ia  now 
more  regular  and  powerful  than  before  anzsthesia. 

minutes,  respiration  continuing  uninterruptedly  with  careful  admin- 
istration of  the  ether  (Fig.  3,(1).  This  naso-gastric  inhibitory  reflex 
is  thus  seen  to  be  more  sensitive  than  the  well-known  naso-respiratory 
inhibitory  reflex  described  by  Kratschmer"  and  by  Holmgren.  Not 
all  l^nimals,  however,  show  this  period  of  inhibition  at  the  beginning 
of  ether  anaesthesia.  (Some  of  these  refractory  animals  suffered  from 
a  moderate  nasal  discharge,  and  it  is  possible  that  in  those  cases  in- 

^  RossBACH :  Deutiches  Archiv  fur  klinische  Medicin,  1890,  xlvi,  p.  326. 
»  Kratschkbr  :    Silzungsberichte  der  Wiener  Akademie,   math.-phys.    Kl. 
3  Abt.,  1870  Ixii,  p.  147. 
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flammation  of  the  nasal  mucous  membraDes  was  the  cause  of  failure.) 

When  ether  waa  administered  through  a  tracheal  cannula,  no  iuhi- 

bition  was  caused. 
After  the  more  or  less  long  period  of  inhibition,  gastric  peristalsis 

is  re-established ;  at  first  it  is  somewhat  irregular,  but  later  it  is  it 

least  as  regular  as  before  tbe 

anaesthesia.      This    regularity 

is  maintained   even  when  the 

corneal   reflex  is  absent  (Fig. 

3,  h).     During  complete  ethei 

anesthesia,   therefore,  gastric 

peristalsis  is  not  abolished.  In 

numerous  instances,  while  tbe 

animal   was   completely  under 
Figure   ic.  —  Shows   inhibilion    of    Eastric        .■_         .l  ■  .  i   ■ 

peris^bi,  wh«n  «h.r  w„  surtcd.  ^o..    ^^^^''  **>«  Pe"stalsis  was  ev(n 
slight  effect  an  respiraiion.  more  regular  than  before  the 

anaesthetic  was  given  (Fig.  \,h\ 
The  course  just  described  above  is  the  rule;  but  there  are  excep- 
tions. Ether  anaesthesia  sometimes  retards  the  peristalsis  and  rendm 
it  irregular ;  periods  of  gas- 
tric quiet  are  occasionally  K|\Mjfc  %.\\f\  %,  J^n 
interrupted  by  a  series  of  \\  M  VTV  j\l  M  \ir**V^ 
waves  of  practically  normal    MUy'  \  » 

strength    and  duration.  i 

This  course,  however,  forms 
an  exception,  and  its  char- 
acter closely  approaches 
^x,   ^  11  J      .  Figure  4  a.  —  Tracing   ukcn  under  normal  coni- 

that   usually  seen  during       „„„    n..,  .bor.  f»l,ibi,io„  .f  p..ric  «m. 
chloroform  anaesthesia. 

CUorofoTm.  —  When  a  rabbit  is  allowed  to  inhale  chloroform,  it 
first  in  a  very  dilute  form  so  as  to  avoid  struggles  of  the  animal,  tbe 
initial  effect  is  inhibition  of  gastric  movements,  respiration  not  being 
necessarily  affected.  The  inhibition  lasts  a  variable  length  of  time, 
in  general  much  longer  than  with  ether.  Then  a  few  apparently 
normal  waves  appear,  to  be  succeeded  again  by  a  period  of  inhibi- 
tion. This  play  is  repeated,  inhibition  alternating  with  the  appear- 
ance of  a  few  gastric  waves  (Figs.  4,  b,  c).  These  gastric  waves  are 
not  weak,  but  are  practically  normal  in  strength.  This  course  may 
be  considered  the  type  for  chloroform.  Here,  again,  there  are  excep- 
tions to  the  rule.     After  induction  of  anassthesia  some  rabbits  may 
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fail  to  show  a  single  gastric  wave  perceptible  to  the  tambour;  in 
others  chloroform  produces  irregular  waves  throughout  the  anaes- 
thesia. In  general,  however,  the  difference  between  ether  and  chlo- 
roform in  their  effect  upon 
gastric  peristalsis  is  well 
marked. 

The    administration    of 
chloroform   requires   more    '""""""""""""'""" '-^ 

care  than  that  of  ether,  and 
.  r  r   II  I       ■       Figure  4  J.  —  Same  animal.    Chlcroforni  has  been 

the  stage  of  full  anaesthesia        ^dmimstered  twenty  minutes, 
is  more  difficult  to  judge. 

With  chloroform  the  lid  reflex  in  rabbits  is  only  abolished  shortly 
before  onset  of  rapid  extensive  respirations,  associated  with  a  high- 
pitched  crying  of  the  animal,  which  marks  the  beginning  of  respira- 
tory failure.* 

The  Inlilbltory  effects  of  Uperotomy.  —  It  has  been  shown  that  gas- 
tric peristalsis,  as  a  rule,  is  active  when  a  rabbit  is  anaesthetized  with 
ether.    If  the  abdomen  of 
^  ¥\li\  ^^^^   *"    animal    is    now 

ilill#l»rr  ^  Xf^fmt   op.„ed  i„  the  middle  line 
"*'    "  and  the  stomach  inspected, 

not  a  sign  of  motion  will 
"'''''''''''''''''''''''''''"''''    be  detected.     The  organ 

FrouRt  4*^,  — Same  animal.     Under  chloroform     "•''ch     a    fcw   moments 

fifty  minutes.  beforeshowedactivepower- 

ful  waves  lies  there  inert, 
no  motion  can  be  seen.  Well  might  Johannes  MUllcr*  say,  "Die 
peristaltischen  Bewegungen  des  Magens  habe  ich  nie  deutlich  gese- 
hen.  ..."  If  the  viscus  is  allowed  to  become  dry,  slight  waves 
may  occasionally  appear.  Opening  the  peritoneal  cavity  under  0.9 
per  cent  saline  solution  kept  at  a  temperature  of  about  39°  does  not 
alter  the  picture;  the  stomach  shows  no  movements  worth  men- 
tioning. Stomach  motility  is  lost  as  long  as  the  peritoneal  cavity 
remains  open.  If  the  abdominal  wound  be  closed  and  the  stomach 
area  inspected  after  a  few  hours,  gastric  peristalsis  may  be  observed 

*  It  is  worth  noting  that  under  ether  as  well  as  under  chloroform  the  lid  aud 
corneal  reflexes  do  not  disappear  at  the  same  time ;  the  corneal  reflex  seems  the 
more  sensitive  and  fails,  while  the  lid  reflex  may  still  be  active. 

■  MOLI.ER:  Handbuch  der  Physiologie  des  Menschen,  dritte  Auflage,  183S, 
i,  p.  499- 
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again.      Mere   opening  of  the  abdomen,   therefore,   exerts  a  profound 
inhibitory  effect  of  long  duration  upon  the  stomach. 

It  is  obvious  from  the  foregoing  that  any  method  which  demands 
opening  of  the  peritoneal  cavity  for  the  study  of  stomach  motility  is 
incapable,  at  least  in  the  rabbit,  of  throwing  light  upon  the  normal 
physiological  behavior  of  the  stomach. 

Most  investigators  do  not  seem  aware  of  the  profound  inhibition 
which  exposure  of  the  abdominal  viscera  produces.  As  far  as  I 
know  Pal  ^  is  the  only  author  who  has  called  attention  to  the  inhibi- 
tion which  abdominal  section  produces.  But  while  he  clearly  and 
sharply  notes  the  strong  inhibitory  effect  of  this  operation  upon  the 
small  and  large  intestines,  only  scanty  attention  is  paid  to  the  stomach. 

It  must  be  pointed  out  that  Pal's  method  of  experimentation  did 
not  entirely  justify  his  conclusions,  at  least  as  far  as  the  stomach  is 
concerned.  He  experimented  upon  curarizcd  animals,  and  observed 
the  motility  of  the  gastro-intestinal  canal  during  cessation  of  anificial 
respiration.  The  cessation  of  artificial  respiration  is  not  an  indiffer- 
ent factor,  as  can  be  seen  from  the  following  observations  made  in 
the  present  investigation.  In  a  rabbit  fully  curarized  by  intravenous 
injections  of  curarine,  and  kept  alive  by  artificial  respiration,  the 
stomach  shows  excellent  and  regular  peristalsis.  But  if  artificial 
respiration  be  stopped,  stomach  peristalsis  ceases  at  once,  or  within 
a  few  seconds.  If  artificial  respiration  be  resumed  in  one  to  two 
minutes,  gastric  peristalsis  will  not  set  in  until  about  two  to  four 
minutes  have  elapsed.  This  shows  that  interruption  of  artificial 
respiration  in  curarized  rabbits  stops  gastric  peristalsis.  The  stop- 
page of  the  peristalsis  in  Pal's  experiments,  at  least  as  far  as  the 
stomach  is  concerned,  could  therefore  have  been  due  as  much  to 
the  cessation  of  the  artificial  respiration  as  to  the  opening  of  the 
abdomen. 


SUHUARY. 

1.  Gastric  peristalsis  may  be  observed  in  a  well-fed  rabbit  without 
any  operative  interference  whatsoever,  by  mere  inspection  of  the 
epigastrium. 

2.  These  movements  are  easily  registered  by  placing  a  tambour 

'  Pal, J.;  STRicKEK'sArbcitea sua dem  lostitut  fur ezperimentelle  Pathologic 
der  Wiener  Universitat,  1890,  p.  31. 
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over  the  stomach  area  to  be  studied  and  connecting  it  with  a  writing 
tambour. 

3.  There  is  a  striking  diflference  between  the  effects  of  ether 
and  chloroform  upon  gastric  peristalsis ;  ether  does  not,  as  a  rule, 
abolish  gastric  peristalsis,  chloroform  considerably  reduces  the 
stomach  motility.    ■ 

4-  Opening  the  peritoneal  cavity  inhibits  stomach  peristalsis  com- 
pletely. This  remarkable  inhibition  remains  in  force  as  long  as  the 
abdominal  cavity  is  open ;  closure  of  the  cavity  is  followed  in  a  few 
hours  by  a  return  of  gastric  peristalsis. 

5.  Fasting  reduces  or  completely  abolishes  stomach  peristalsis. 

6.  Distention  of  the  fasting  stomach  with  air  or  water  causes  active 
peristalsis. 

f.  Curarization  does  not  affect  gastric  peristalsis  as  long  as  arti- 
ficial respiration  is  maintained.  Stoppage  of  lung  ventilation  causes 
almost  immediate  cessation  of  stomach  movements. 

8.  Temporary  inhibition  of  gastric  motility  is  produced  easily  by  a 
variety  of  causes :  handling  of  the  animal,  fright,  struggles,  irritating 
odors.  Ether  and  chloroform  vapors  inhibit  the  stomach  movements 
without  causing  respiratory  stoppage. 

9.  Pyloric  sounds  in  the  rabbit  are  apparently  produced  by  the  ex- 
pulsion of  liquid  material  into  the  gas-containing  duodenum ;  these 
sounds  occur  at  irregular  intervals,  and  when  peristalsis  is  well 
established. 

10.  The  rabbit's  stomach  shows  a  well-defined  preantrum  and 
preantral  sphincter. 

It  is  with  great  pleasure  that  I  acknowledge  the  invaluable  help  and 
stimulating  counsel  of  Dr.  S.  J.  Meltzer  during  this  investigation. 
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By  FRANCIS  G.  BENEDICT  AWD  A.  R.  DIEFENDORF. 
[frmm  IMt  Chtmieal  Labtratory  of  Wttteyan  Univtrtily^ 

RECENT  contributions  to  the  physiology  of  inanition,  especially 
on  professional  fasters,  have  included  the  more  exact  study  (A 
the  transformations  of  matter  as  measured  by  the  urinary  constitu- 
ents. While  the  earlier  literature  furnishes  a  number  of  instances  of 
observations  on  starving  women,  the  number  of  recorded  observations 
made  with  modern  methods  is  small,  and  this  paper  presents  the 
record  of  the  urinary  examinations  of  a  woman  patient  in  the  Con- 
necticut Hospital  for  the  Insane  at  Middletown.  This  patient,  who 
was  otherwise  organically  sound,  voluntarily  refused  food  for  six  days. 
During  this  period  feces  were  passed,  and  the  report  of  their  exami- 
nation is  likewise  here  included. 

The  earliest  record  of  the  examination  of  the  urine  of  a  fasting 
woman  with  which  we  are  familiar  is  that  of  Schultzen,^  who  reports 
a  case  of  oesophagus  stenosis  in  a  nineteen-year-old  girl,  as  a  result 
of  poisoning  with  sulphuric  acid.  In  330  c.a  of  urine  excreted  two 
days  before  death,  there  were  6  gm.  of  urea  corresponding  to  2.794  g™- 
of  nitrogen. 

Since  the  patient  was  in  a  delirium  and  voided  the  urine  irregularly, 
an  exact  study  could  not  be  made. 

The  earliest  accurate  observations  on  a  starving  woman  are  those 
made  by  Seegen,*  who  reported  a  case  of  partial  inanition  in  a  twenty- 
four-year-old  girl  with  a  constriction  of  the  cesopbagus,  which  was  diag- 
nosed as  carcinoma  ventriculi.  From  the  loth  of  July  until  the  2ist 
the  patient  took  only  35  gm.  of  fresh  cow's  milk  per  day.     This  cor- 

*  The  expense  of  this  iDvestigation  was  borne  by  the  Carn^e  Institution  of 
Wuhington. 

'  ScHULTZEN :  Archiv  fiir  Anatomie  und  Physiologic,  1863,  p.  31. 

*  Seeqen  J. :  SitzuDgsberichte  mathematisch-iuturwlasenschaftlichen  Classe, 
1871,  Ixiii,  Abth.  11,  pp.  429-438. 
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responds  to  the  ingestion  of  about  .29  gm.  of  nitn^en  per  day.  Under 
these  conditions  the  patient  passed  2230  c.c.  of  urine  in  the  twelve 
days,  or  185  c.c  per  day.  The  daily  quantities  ranged  from  125  to 
240  c.c.  The  amount  of  urea  ranged  from  6.1  to  11.9  gm.,  with  an 
average  of  8.9  gm.,  corresponding  to  4.51  gm.  of  nitrogen.  The 
patient  remained  most  of  the  time  in  bed,  and  the  pulse  varied 
from  72  to  8a 

Tuczek'  describes  two  cases  of  fasting  in  insane  women.  One  of 
the  patients,  who  was  previously  very  well  nourished,  and  weighed  65 
kgm.,  eliminated  on  the  last  eight  days  of  a  twenty-two-day  fast  an 
average  of  4.26  gm.  of  nitrogen  per  day.  The  second  patient,  who 
weighed  55  kgm.,  excreted,  on  almost  complete  inanition,  an  average 
of  4.28  gm.  of  nitrogen  per  day  for  sixteen  days.  The  nitrogen  was 
determined  as  urea  by  precipitation  with  mercury  salts,  making 
due  allowance  for  the  chlorides  present. 

Tuczek  discusses  tn  considerable  detail  the  influence  of  mental  dis- 
orders on  metabolism,  but  his  conclusions  are  not  supported  by  the 
more  recent  opinions  of  Folin,  who  was  unable  to  find  any  positive 
alteration  in  general  metabolism  that  could  be  ascribed  to  mental 
disturbance. 

Senator^  described  a  case  of  fasting  in  an  insane  patient  who 
weighed  50  kgm.  During  four  fasting  days  there  was  an  average 
excretion  of  12.14  S™-  °'  urea,  equal  to  5.65  gm.  of  nitrogen  per  day. 
On  a  later  fast  day  the  same  patient  excreted  3.78  gm.  of  nitrogen. 

Mueller*  reported  a  case  of  cesophagus  stenosis,  caused  by  drinking 
lye,  in  a  nineteen-year-old  girl.  The  amounts  of  urine  passed  on  four 
successive  days  were  150,  170,  140,  and  130  c.c.  respectively.  The 
corresponding  specific  gravities  were  1.026,  r.030,  1.025,  and  1.029. 
The  amounts  of  nitrogen  were  4.92,  4.15,  3.25,  and  3I01  gm.,  respec- 
tively. The  feces  for  the  four  days  of  fasting,  which  were  separated 
only  with  great  difficulty,  weighed  in  a  dry  form  17.4  gm.  The  four 
days  during  which  observations  were  made  corresponded  to  the  fifth 
to  the  eighth  days  of  complete  inanition.  The  body  weight  was  un- 
usually low,  34.5-33.0  kilos, 

Schaefer*  reports  seven  cases  of  fasting  insane  women,  in  which 

'  Tuczek  :  Archiv  fiir  Psychiatrie  und  Nervenkrankheiten,  1884,  xv.  pp.  784- 
799- 

■  Senator:  Charity  Annalen,  1887,  xii,  p.  325. 

■  Mueller:  Zeitschrift  fur  klinische  Medizin,  1889,  xvi,  pp.  496-549. 

•  Schaeper:  AUgemeine  Zeitschrift  fiir  Psychiatric,  [897,  hii,  pp.  525-537- 
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four  took  no  water.  The  nitrogen  was  determined  in  the  twenty- 
four-hour  urine  by  the  Kjeldahl  method.  Of  the  seven  cases  water 
was  taken  in  small  amounts  by  cases  1,2,5.  ^<^  water  was  taken  by 
the  other  four  cases.    The  results  are  given  in  Table  f. 


SuUMAKV  OF  Results  Obtainei 


TABLE  I. 


Seven  Fasting  Insane  Women. 


Case. 

Dayo££ut 

Volume. 

Nitrogen. 

Body  weigh.. 

Nitrogen  pet 
kilo,  of  body 

/        ' 

4iao 

5.7441 

63.6 

0,0903 

1        5 

450^ 

6.2351 

63.2 

a0936 

/      s 

220.0 

34151 

49.3 

a0692 

2 

6 

4700 

5.9194 

48,8 

ai2i3 

I        7 

38ao 

4,5146 

4S.0 

0.0940 

3 

/        > 

550.0 

8.5222 

38.7 

0.2202 

1        6 

■105.0 

6.9110 

37.85 

ai325 

4 

f        ' 

265.0 

6.0590 

38.2 

0.1586 

1        6 

26ao 

6.2S14 

36.2 

0.1735 

S 

4 

465.0 

7.8123 

36.1 

0.2164 

6 

5-6 

2625 

6.0239 

46.3 

0.1301 

7 

2-5 

162.5 

4.0747 

33.0 

0.1234 

The  observations  of  Van  Hoogenhuyze  and  Vcrploegh '  on  the 
professional  fasting  woman.  Flora  Tosca,  included  the  determinations 
not  only  of  the  total  nitrogen  (Kjeldahl),  but  also  of  the  creatinine. 
The  creatinine  determinations  were  made  by  the  Folin'  method,  and 
hence  are  of  unusual  interest.  On  the  day  before  the  fast  began  the 
nitrogen  excretion  was  13.99  g"".  The  nitrogen  excretion  on  the 
succeeding  days  of  the  fast  were  8.76,  8.38,  10.73,  9-40>  7-^77  7-7'it 
6. 1 1,  6.70,  7.35,  6.80,  6.14,  6.97,  5.62,  4.08,  and  438  gm.,  respectively. 
The  creatinine  excretion  on  the  last  day  with  food  was  1.087  %S^-  Q" 
the  fasting  days  it  was  0.904,  0.577,0.581,0.634,  0,663,0.590,  a469. 

■  Van  HooGENHUYZEandVERPLOEGH:  Zeitschriftfiirph^-siolo^scheCheroie, 
1905,  xlvi,  pp.  468-471. 

*  Folin:  Zeitschrift  fur  physiologische  Chemie,  1904,  xli,  p.  223. 
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0.689,  0-715.  0.602,0.453,  0.566,  0.548,  0.426,  and  0.715  gm.,  respec- 
tively.   On  the  first  day  after  food  was  taken  it  again  rose  to  1.028  gm. 

Mohr^  and  his  collaborators  have  recently  reported  a  fifteen-day 
fast  of  a  professional  fasting  woman  (Schenk).  The  fluctuations  in 
body  weight  were  accurately  recorded,  and  the  total  nitrogen  in  the 
urine.  No  observations  on  the  creatinine  elimination  during  this  fast 
have  thus  far  been  reported. 

The  body  weight  fell  from  54.4  kilos  to  48.2  kilos.  The  nitroge- 
nous output  in  the  urine,  as  determined  by  the  Kjeldahl  method,  was 
,  8.408;  6.593;  7.789;  7.856;  7.815;  7.128;  6.1.95;  (5.400);  4.384; 
5.166;  (5.784);  (8.124);  5-958;  5.040,  and  4.060  gm.  on  the  suc- 
ceeding days  of  the  fast.  The  values  in  parentheses  represent  days 
on  which  amino-acids  were  ingested. 

Experiment  with  S-  H. 

In  connection  with  a  lengthy  series  of  experiments  on  fasting  men 
which  were  made  in  this  laboratory,  the  apparently  anomalous  obser- 
vations noted  in  several  cases  lead  to  the  belief  that  data  should  be 
accumulated  regarding  the  influence  of  inanition  on  the  metabolism 
of  women.  Accordingly,  when  the  following  case  presented  itself  in 
the  clinic  of  one  of  us  (A.  R.  D,),  arrangements  were  made  to  con- 
duct the  experiment  in  such  a  manner  as  to  secure  positive  evidence 
as  to  the  authenticity  of  the  fast,  and  the  collection  of  the  total 
amounts  of  urine  and  feces.  A  nurse  was  detailed  to  watch  the 
patient  carefully.  Unfortunately  a  study  of  the  respiratory  exchange 
of  this  subject  was  impossible. 

Babjeot.  —  In  accord  with  fixed  religious  delusions,  the  subject, 
S.  H.,  thirty-six  years  of  age,  fasted  three  weeks,  taking  only  cold 
water.  From  this  time  she  abstained  absolutely  from  eating  meat  in 
any  form,  including  soups.  Her  diet  consisted  of  one  slice  of  bread, 
a  cup  of  tea,  one  potato,  or  an  equal  quantity  of  some  other  vegetable, 
and  one-half  glass  of  milk  three  times  daily.  She  remained  on  this 
diet  for  twenty-four  months.  Her  weight,  which  was  76.2  kilos  at  the 
beginning  of  this  period,  varied  considerably,  at  one  time  reaching  as 
high  as  96.6  kilos.  At  the  end  of  the  period  it  was  88.5  kilos.  At  this 
time,  March,  I9C^,  the  patient,  in  accord  with  similar  delusions,  began 
to  restrict  her  diet  to  one  and  one-half  pints  of  milk  per  day,  and  did 

'  MoHR :  Zeitschri(t  fiir  experiinentelle  Pathologic  und  Therapie,  1906,  iii, 
pp.  638-64S,  67S-687,  and  687-691. 
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not  drink  water.  This  diet  continued  for  eight  and  one-half  months, 
and  her  weight  dropped  from  88.5  kilos  to  49,9  kilos.^  The  weights 
were  taken  on  the  first  of  each  month,  and  were  as  follows : 

March  i,  8S.5  kilos.  September     i,  55.4  kilos. 

April     I,  76.2     "  October        1, 53.6    " 

June     r,  66.2     "  November     i,  51.3    " 

July       1,63.5     "  November  20,  49.9   " 
August  I,  58.5     " 

During  all  of  this  period,  as  was  her  custom,  the  patient  was  of 
sedentary  habits,  sewing  continuously  for  about  ten  hours  daily. 

On  November  22,  at  5  p.  h.,  the  patient  began  a  fast,  and  during 
the  succeeding  three  days  took  no  water  or  food  of  any  kind.  Thus 
the  fast  was  complete.  The  body  weights  for  the  succeeding  days 
were 

November  34,  48.Z  kilos.  November  28,  47.2  kilos. 

November  37, 47.4    "  December     1,  45.9      " 

The  weight  taken  thirtynine  hours  after  the  fast  was  begun 
shows  that  she  had  lost  \,-j  kilos  since  the  last  time  of  weighing 
(November  20). 

This  fast  without  water  or  food  lasted  one  hundred  and  ten  hours. 
During  the  last  seventy-one  hours  of  this  one  hundred  and  ten  hours 
fast  without  food  and  water,  she  lost  0.9  kilo.  During  the  next  twenty- 
four  hours  the  patient  took  water  freely  (fourteen  glasses,  equivalent 
to  about  3900  C.C.).  Although  no  food  was  taken,  the  subject  drank 
on  the  two  subsequent  days  three  glasses  (840  c.c.)  of  water  per  day. 
From  the  one  hundred  and  tenth  to  the  one  hundred  and  thirty-fourth 
hour  of  the  fast  she  lost  in  weight  0.1 1  kilo.  The  fast  ended  at  10  a.  h. 
November  29,  after  a  duration  of  one  hundred  and  sixty-one  hours. 
The  next  weight  was  not  taken,  because  the  patient  was  confined  in 
bed  until  December  i,  forty-eight  hours  after  end  of  fast,  when  it  was 
found  that  she  had  lost  1.25  kilos.  At  the  termination  of  the  fast, 
the  patient  sipped  ten  ounces  of  milk,  and  thirty  minutes  later 
another  ten  ounces  of  milk,  fifteen  minutes  later  she  became  pro- 
foundly nauseated.     The  nausea  continued  throughout  the  day  and 

•  At  the  time  (his  experiment  was  made  no  measurcmenia  were  recorded  of 
this  subject's  height  and  her  various  girths.  In  a  subsequent  experiment  (see  the 
following  paper,  p.  383)  with  a  body  weight  of  61.2  kilos  the  subject  measured 
around  the  shoulders  1.06  metres,  around  the  waist  o-Si  metres,  and  around  the 
hips  1.07  metres.     Her  height  is  1.65  metres. 
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evening.  At  ir.30  a.m.  there  was  a  movement  of  the  bowels,  at 
which  time  she  nearly  fainted.  At  i  p.  h.  she  sipped  another  ten 
ounces  of  milk,  and  again  at  4  p.  h.  another  ten  ounces.  Meanwhile 
the  patient  was  on  her  feet  and  walking  most  of  the  time.  At  6  P.  m. 
she  sipped  twenty  ounces  of  milk;  thirty  minutes  later  she  vomited 
fifteen  ounces  of  curdled  milk.  At  8.30  p.  h.  she  vomited  a  huge 
quantity  of  milk  and  fluid,  aggregating  two  quarts.  At  3  a.  h.  the 
next  morning  she  arose  from  bed  to  urinate,  and  then  fainted.  This 
specimen  was  lost  (probably  about  150  cc).  During  this  day, 
November  30,  the  patient  took  no  food,  but  drank  twenty  ounces  of 
water.  The  following  day  the  patient  began  again  to  drink  three 
pints  of  milk  daily. 

Methods  of  aualyau.  —  The  total  nitrogen  was  determined  by  the 
Kjeldahl  mdlhod.  The  creatinine  was  determined  by  the  Folin' 
method. 

The  beat  of  combustion  was  determined  by  drying  15  cc.  of  fresh 
urine,  to  which  0.05  gm.  of  pure  salicylic  acid  had  been  added,  in  a 
vacuum  desiccator.  The  dried  mass  was  then  transferred  to  a  nickel 
capsule,  and  dried  a  second  time,  until  in  condition  to  burn.  It  was 
then  burned  in  the  calorimetric  bomb'  with  compressed  oxygen.  In 
the  computation  of  the  results  allowance  was  made  for  the  salicylic 
acid  used.  j 

Urine. 

For  five  days  before  the  fast  began,  the  urine  was  collected,  the 
bladder  being  emptied  each  morning  at  7  A.  m.  This  patient  was 
unusually  intelligent,  entered  into  the  spirit  of  the  investigation 
thoroughly,  and  we  have  every  reason  to  believe  that  the  sepa- 
ration at  7  A.  M.  in  the  morning  was  as  accurate  as  could  be  made 
with  a  normal  individual. '  After  the  collection  of  the  twenty- 
four-hour  urine  a  preservative  was  added,  usually  chloroform,  and 
then  the  sample  submitted  to  an  analysis.  The  samples  were  all 
given  precisely  the  same  treatment.  This  procedure  was  emphasized, 
since,  if  there  was  a  change  of  creatinine  to  creatine  by  reason  of  the 
somewhat  delayed   analyses,   it   would    affect   all   days   alike.     The 

'  FOLIN :  Lac.  ctf. 

'  The  Berth  e  lot- At  water  bomb  calorimeter  was  used  io  all  of  these  determina- 
tions. For  description  of  this  instrument,  see  Atwater  and  Snell  :  Journal  of 
the  American  Chemical  Society,  1903,  xxv,  p.  693. 
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determinations  were  usually  made  within  forty-eight  hours  of  the 
collection  of  the  urine. 

The  results  for  the  analyses  of  urine  are  given  in  detail  in  the  table. 
As  the  table  shows,  the  results  are  given  for  five  days  before  the 
fast  began  and  ten  days  after  the  fast  ended.  Unfortunately  the 
nitrogen  of  the  income  was  not  determined  during  these  days  accu- 
rately, neither  were  the  feces  collected ;  hence  no  nitrogen  balance 
can  be  obtained. 

Tolnm*.  —  Aside  from  the  volume  of  urine  during  the  fasting 
periods,  the  quantities  voided  by  this  patient  presented  no  unusual 
feature.  On  the  other  hand,  for  the  three  days  of  fasting  when  water 
was  not  taken,  November  23,  24,  and  25,  the  volume  of  urine  was  ex- 
ceedingly low.  The  lowest  amount,  237  cc,  is  remarkable  when  the 
body  weight  of  this  subject  is  taken  into  consideration.  It  is  further- 
more to  be  noted  that  this  tow  volume  occurred  on  the  first  rather 
than  the  later  days  of  the  fast. 

The  marked  increase  in  the  volume  of  urine  accompanying  the  in- 
gestion of  large  amounts  of  water  on  the  fourth  day  of  the  fast  is  of 
unusual  interest.  On  this  day  the  subject  drank  approximately  3900 
C.C.  of  water,  and  the  urine  volume  increased  from  404  to  2100  c.c. 

Speoifia  gravity.  — The  specific  gravities  of  the  urine  obtained  during 
the  first  three  days  of  fasting,  i.  e.,  when  no  water  was  consumed,  are 
remarkably  high,  1.035,  1.035,  and  1.030,  respectively.  The  specific 
gravity  of  1.035  >3  higher  than  any  thus  far  reported  for  fasting 
women. 

The  high  specific  gravity  observed  on  the  first  two  days  of  complete 
fast  are  to  be  expected  from  the  low  volume  of  urine  passed  during 
these  days. 

Total  nltroeen.  —  In  the  earlier  literature  the  main  index  to  pro- 
tein katabolism  was  the  determination  of  urea,  which,  as  is  well 
known,  was  almost  invariably  made  by  faulty  methods,  and  therefore 
represents  neither  the  true  proportion  of  urea  nor  the  measure  of  the 
true  protein  katabolism.  The  Kjeldahl  method  of  determination 
gives  results,  indicating  the  total  nitrogen  in  the  urine,  and  conse- 
quently it  furnishes  a  much  more  accurate  index  of  protein  katab- 
olism, but  even  this  has  recently  been  improved  upon  by  Folin,  who 
has  elaborated  methods  for  the  partition  of  the  nitrogen,  and  has  thus 
given  more  definite  clues  to  the  nature  of  the  different  forms  of 
protein  katabolized.  In  this  experiment  it  was  only  possible  to  de- 
termine  the    total    nitrogen    and   one   of   the   nitrogenous   urinary 
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constituents,  i.  e.,  creatinine.  The  per  cent  of  nitrogen  and  the  total 
excreted  per  day  are  recorded  in  the  table.  Of  especial  significance  is 
the  total  quantity  excreted.  Fortunately  during  the  six  days  of  the 
fast  no  known  accidents  interfered  with  the  collection  and  analysis 
of  the  complete  day's  urine.  On  the  first  day  after  the  fast,  there 
was  a  loss  of  urine,  as  has  been  stated  previously.  The  nitrogenous 
output  during  the  first  four  days  of  fasting  steadily  increased  from 
4.19  to  6.93  gm.  There  is,  then,  a  subsequent  marked  decrease  on 
the  last  two  days,  and  on  the  last  day  of  fasting  the  total  nitrogenous 
output  was  but  4.14  gm.  This  increase  in  the  nitrogenous  output 
for  the  first  three  or  four  days  of  fasting  has  been  very  commonly 
observed.  Thus,  with  Flora  Tosca,'  on  the  first  three  days  without 
food,  there  were  8.76,  8.38,  and  10.73  g™-  of  nitrogen  excreted, 
respectively.  Contrary  to  the  experience  observed  with  fasting  men 
and  with  the  fasting  woman,  Tosca,  in  the  case  of  (Schenk)  the 
subject  of  Brugsch  and  Hirsch,*  the  nitrogenous  output  for  the  sec- 
ond, third,  and  fourth  day  of  fasting  were  8.41,  6.59,  and  7.78  gm. 
respectively.  In  other  words,  the  largest  excretion  occurs  on  the 
second  day  of  fasting.  As  has  frequently  been  pointed  out,  the 
nitrogenous  intake  the  day  before  the  fast  began  may  affect  notice- 
ably the  nitrogenous  output  of  the  first  day,  but  it  is  hardly  probable 
that  the  nitrogenous  output  for  the  second  day  should  be  aEFected  by 
the  food  prior  to  the  fast,  and  this  experiment  obviously  presents  a 
somewhat  different  picture  from  the  others. 

The  increase  in  the  nitrogenous  output  in  the  first  three  days  of 
fasting  with  the  subject  of  the  experiments  here  reported  is,  however, 
wholly  in  accord  with  the  studies  on  the  fasting  men  made  in  this 
laboratory  and  published  elsewhere.*  In  those  experiments  it  was 
possible  to  determine  the  glycogen  katabolized,  and  by  these  deter- 
minations the  hypothesis  of  Prausnitz  *  that  the  glycogen  protects  the 
nitrogenous  material  from  disintegration  was  wholly  substantiated. 
It  would  appear  that  also  with  the  fasting  woman,  S.  H.,  in  all  proba- 
bility there  is  a  larger  katabolism  of  glycogen  on  the  first  two  or 
three  days  of  the  fast  which  temporarily  checks  the  disintegration  of 
nitrogenous  material, 

>  Reported  by  Van  Hoooenhovze  and  Verploegh,  loc.  cil. 
"  Brugsch    and    Hirsch  :    Zeitschrift    fdr    experimentelle    Pathologie    und 
Therapie,  1906,  ili,  p.  639. 

*  Carnegie  Inatitation  of  Washington,  Publication  No.  77,  1907. 

*  Prausnitz  :  Zeitschrift  ftir  Biologle,  1 891,  zliii,  p.  638. 
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At  this  period  the  body  weight  of  the  subject,  was  about  47.5  kilos, 
and  the  nitrogenous  excretion  corresponds  to  the  average  proteid 
disintegration  on  the  five  days  of  34  gm.,  or,  on  the  basis  of  per  kilo 
of  body  weight,  there  was  katabolized  during  this  fast  on  an  average 
about  a  72  gm.  of  protein.  Of  especial  interest  in  this  discussion  is 
the  fact  that  when  there  is  a  marked  diuresis  caused  by  the  ingestion 
of  a  large  quantity  of  water,  the  volume  increased  from  404  c.c,  on 
the  third  day  of  the  fast  to  2100  c.c.  on  the  fourth.  This  was  accom- 
panied by  a  slight  increase  in  the  nitrogenous  excretion  amounting 
to  0-55  gm.  The  discussions  regarding  the  effect  of  large  quantities 
of  water  on  the  elimination  of  nitrogen  have  resulted  in  the  assump- 
tion that  there  may  be  either  a  washing  out  of  preformed  nitrogenous 
end  products  of  protein  katabolism,  or  there  may  actually  be  an  in- 
crease in  metabolic  activity  by  virtue  of  the  large  quantity  of  water 
passing  through  the  glands.  From  the  slight  increase  in  the  output 
of  nitrogen,  but  little  evidence  is  here  secured  to  substantiate  either 
hypothesis.  On  the  29th  of  November  the  nitrogenous  output  was 
but  3.04  gm.,  but,  as  has  been  before  stated,  there  was  a  loss  of  urine 
on  this  day  of  probably  not  less  than  150  c.c-  The  remarkably  low 
nitrogenous  output  on  the  6rst  of  December,  i.  e.,  3.17  gm.,  is,  how- 
ever, the  total  output  of  twenty-four  hours  since  no  urine  was  lost. 
On  the  day  preceding  no  food  had  been  taken,  and  on  this  day,  De- 
cember I,  the  subject  consumed  a  large  amount  of  milk,  a  portion  of 
which  was  vomited.  It  is  entirely  conceivable,  however,  that  a  not 
inconsiderable  portion  of  the  milk  was  digested  and  absorbed,  and 
hence  this  low  nitrogenous  output  would  indicate  a  marked  storage 
of  nitrogen  on  this  day.  This,  again,  is  wholly  in  accord  with  the 
studies  on  fasting  subjects,  in  which  a  study  of  the  eSect  of  the 
subsequent  ingestion  of  food  on  the  nitrogen  output  was  made.  It 
is  interesting  to  note  that  five  days  after  the  fast  ends  the  subject 
excretes  approximately  the  same  amount  of  nitrogen  as  before  the 
fast  began,  namely,  6.8  gm. 

Creatlns  and  oreatiolDs.  —  Evidence  regarding  the  creatinine  ex- 
cretion of  women  is  extremely  meagre,  and  hence  determinations  of 
the  creatinine  in  the  urine  of  this  patient  were  made.  We  are  in- 
debted to  Miss  Charlotte  R.  Manning  for  making  these  determina- 
tions. By  means  of  the  Folin  method  it  was  possible  to  determine 
the  preformed  creatinine  and  the  creatine.  The  preformed  creatinine 
wras  determined  on  the  fresh  urine  by  heating  with  hydrochloric  acid 
before  producing  the  JafR  reaction,  and  a  subsequent  determination 
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was'  made  in  which  a  sample  was  used  without  heating  with  acid. 
The  difference  between  the  total  and  the  preformed  creatinine  gave 
the  preformed  creatine  expressed  in  terms  of  creatinine.  The  total 
creatinine  excretion  observed  in  this  patient  is  as  constant  as  is 
usually  found.  The  amount  excreted  was  relatively  low,  averaging 
a6ogm.  of  total  creatinine  and  0.5;  preformed  creatinine.  In  averag- 
ing the  results  for  November  29  were  omitted,  since  urine  was  un- 
avoidably lost  on  this  day.  The  body  weight  during  the  whole 
experimental  period,  November  19-December  g,  was  not  far  from  50 
kilos,  the  excretion  of  creatinine  per  kilo  of  body  weight,  or  so-called 
creatinine  coefficient,  was  not  far  from  li. 

The  most  noticeable  feature  of  the  creatine  observations  was  the 
marked  increase  in  the  preformed  creatine  excreted  during  the  fast. 
On  one  day,  November  27,  there  was  as  much  as  0.16  gm,  of  preformed 
creatine  (expressed  as  creatinine)  in  the  urine.  On  the  resumption 
of  the  food,  namely,  on  the  ist  of  December,  the  preformed  creatine 
practically  disappeared.  It  is,  however,  to  be  noted  that  on  Novem- 
ber 29,  when  the  subject  took  a  large  quantity  of  milk,  and  although 
vomiting  much,  must  have  retained  some,  the  preformed  creatine  ex- 
cretion was  still  relatively  high,  ai5.  This  appearance  of  creatine  in 
the  urine  is  wholly  in  accord  with  observations  made  on  fasting  men 
in  this  laboratory.  They  have  also  been  verified  by  observations 
made  on  a  fasting  man  in  the  laboratory  of  Dr.  Folin  at  Waverley, 
Massachusetts. 

As  pointed  out  in  a  discussion  of  the  creatine  determinations  on 
fasting  men,'  the  creatine  excretion  during  fasting  appears  to  be  the 
result  of  the  disintegration  of  flesh,  and  the  hypothesis  was  there 
advanced  that  as  the  flesh  was  katabolized  or  broken  down,  the  crea- 
tine which  existed  in  the  flesh  as  such  was  excreted  by  the  body  as 
such  and  not  converted  to  creatinine.  According  to  this  hypothesis, 
therefore,  the  creatine  and  creatinine  of  the  urine  have  two  entirely 
distinct  origins. 

BnergT.  —  In  all  fasting  experiments  previously  made  in  this  labora- 
tory, a  part  of  the  routine  has  been  to  determine  the  heat  of  combus- 
tion of  urine,  and  this  determination  was  likewise  made  on  the  urines 
in  this  experiment.  Unfortunately  it  was  not  possible  to  determine 
the  carbon  owing  to.  pressure  of  other  work.  The  heat  of  combus- 
tion of  the  urine,  expressed  in  terms  of  small  calories,  is  recorded 
in  column  e  of  Table  II.  The  total  potential  energy  excreted  in  the 
'  Carnegie  Institution  of  Washington,  Publication  No.  77,  1907. 
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urine  for  each  day,  expressed  in  large  calories,  is  recorded  in  column 
/  ot  the  same  table.  The  quantity  of  energy  thus  excreted  for  this 
fasting  woman  is  very  much  less,  on  the  whole,  than  that  excreted  by 
fasting  men.  As  an  average  of  a  large  number  of  experiments,  the 
total  energy  excreted  in  the  urine  of  fasting  men  was  88,  \\%,  120, 
121,  120,  146,  and  139  calories  on  the  first  to  the  seventh  day  of  fast- 
ing, respectively.  Only  on  the  third,  fourth,  and  fifth  fasting  days 
of  the  experiment  with  S.  H.  does  the  energy  reach  the  lowest  aver- 
age observed  with  fasting  man.  The  small  amount  of  energy  thus 
excreted  corresponds  with  the  much  smaller  general  output  of  urinary 
constituents,  based  in  large  part,  probably,  upon  the  fact  that  this 
woman  was  of  much  smaller  body  weight  than  the  subjects  of  the 
fasting  experiments  with  men  reported  previously. 

Ratio  of  energy  to  oltrogan.  —  While  unfortunately  thp  carbon  could 
not  be  determined,  the  ratio  of  energy  to  nitrogen  is  readily  com- 
puted. With  ordinary  diet  it  has  been  found  that  as  a  result  of  a 
large  number  of  experiments  for  every  gram  of  nitrogen  in  the  urine 
there  are  not  far  from  8  to  9  calories  of  energy.^  In  the  fasting 
experiments  above  referred  to,  the  ratio  of  energy  to  nitrogen  on  the 
first  days  of  fasting  showed  that  for  every  gram  of  nitrogen  there  was 
not  far  from  8  to  9  calories  of  energy.  In  the  experiments  with  this 
subject,  it  is  seen  that  the  ratio  of  energy  to  nitrogen  expressed  in 
column  g  is  in  no  wise  abnormal  on  the  days  before  the  fast.  There 
is,  however,  a  striking  increase  in  this  ratio  which  reaches  a  maxi- 
mum on  the  first  day  after  the  fast,  namely.  19.75.  O"  December  i 
the  ratio  again  returns  to  its  usual  value,  and  remains  not  materially 
different  during  the  remainder  of  the  study.  This  marked  increase 
in  the  ratio  of  energy  to  nitrogen  has  been  the  subject  of  considerable 
discussion  in  the  report  of  the  study  with  fasting  men.  In  that 
report  the  carbon  of  the  urine  was  likewise  determined,  and  it  was 
possible  to  compare  the  ratio  of  energy  to  nitrdgen  and  also  that  of 
nitrogen  to  carbon  and  carbon  to  energy.  As  a  result  of  these  ratios, 
it  seemed  highly  probable  that  there  was  in  the  urine  some  constitu- 
ent of  non-nitrogenous  or  low  nitrogenous  nature  which  yielded  energy. 
Sugar  and  albumen  were  proved  absent.  Although  not  strictly  dem- 
onstrated, the  explanation  of  the  high  ratio  may  well  be  based  upon 
the  assumption  of  an  acidosis.  The  acidosis  as  measured  by  the 
calorie- nitrogen  ratio  disappears  on  the  conclusion  of  the  fast.     In 

1  Atwater  and  Benedict:  IluUetin  136,  U.  S.  Dept.  of  Agriculture,  Office 
of  Experiment  Stations,  1903,  p.  1 14. 
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the  fasting  experiments  with  men  the  calorie-nitrogen  ratio  did  not 
in  all  experiments  increase.  Even  in  several  experiments  in  which 
the  fast  lasted  three  days  and  over,  there  was  no  material  disturbance 
of  this  ratio,  but  in  one  experiment  of  seven  days  and  one  of  four 
days  the  ratio  actually  increased,  until  it  became  r  :  14.87,  the  high- 
est ratio  observed  during  the  series  of  experiments  on  men.  The 
ratios  observed  with  this  fasting  woman  are  indeed  very  considerably 
higher,  and  we  know  of  no  ratios  thiis  far  reported  which  approxi- 
mate these  high  ratios.  Unfortunately  no  tests  were  made  for 
.S-oxybutyric  acid  and  similar  organic  acids,  although  in  the  fasting 
experiment  with  Succi,  reported  by  Brugsch,^  a  marked  acidosis  was 
observed,  and  in  the  more  recent  experiments  on  a  fasting  woman 
reported  by  Bonnigcr  and  Mohr,'  a  marked  acidosis  was  recorded, 
the  total  amount  of  jS-oxybutyric  acid  at  times  amounting  to  from  18 
to  25  gm.  per  day. 

When  it  is  considered  that  the  body  during  fasting  is  living  upon 
essentially  a  protein-fat  diet,  and  that,  as  has  been  experimentally 
demonstrated,  an  acidosis  is  frequently  observed  on  such  diets,  the 
assumption  that  we  are  here  dealing  with  a  true  acidosis  is  not 
improbable. 

Loewy,^  in  making  observations  upon  metabolism  at  high  altitudes, 
determined,  among  other  factors,  the  calorie-nitrogen  ratio  in  the 
urine,  but,  finding  this  somewhat  larger  than  is  common,  he  was  able 
to  separate  varying  amounts  of  amino-acids.  In  discussingthe  ques- 
tion, Loewy  points  out  the  fact  that  lactic  acid  has  also  appeared  in 
the  urine. 

It  is  much  to  be  regretted  that  in  the  experiment  with  S.  H.  the 
direct  determinations  of  the  organic  acids  were  not  made,  but  the 
calorie- nitrogen  ratio  points  strongly  to  the  assumption  that  there  was 
a  marked  acidosis  on  the  later  days  of  the  fast.  This  is  wholly  in 
accord  with  the  observations  in  at  least  two  of  the.  longer  studies 
during  inanition  made  in  this  laboratory  with  men. 

Feow.  —  Thegreat  difficulty  in  properly  separating  the  feces  during 
fasts  with  men  has  been  experienced  by  most  investigators.  It  was 
impracticable  in  this  experiment  to  administer  any  coloring  material 

>  Brugsch  :  Zeitschrift  fur  experi  men  telle  Pathologic  und  Therapie,  1905, 
i,  P-  419- 

'  Mohr:  Zeitschrift  fiir  ex  peri  men  telle  Pathologie  und  Therapie,  1906,  iii, 
p.  67s. 

■  LoEwv:  Deutsche  medicinische  Wochenschrift,  1905,  p.  1919. 
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for  separating  the  feces,  and  hence  it  was  possible  to  examine  only 
the  feces  which  were  passed  during  the  actual  fasting  period.  During 
this  period,  and  including  the  movement  one  and  one-haU  hours  after 
taking  food,  the  patient  had  four  bowel  movements.  This  is  directly 
contrary  to  all  experience  with  fasting  subjects.  The  total  mass  in 
the  fresh  condition  weighed  265.1  gm.  A  macroscopic  examination 
showed  several  hard  pillular  lumps,  mixed  with  a  large  amount  of 
soft,  watery  material.  A  specimen  was  examined  microscopically, 
and  found  to  contain  large  amounts  of  yellowish  brown,  bile-stained 
crystalline  material. 

Most  of  the  crystals  disappeared  upon  the  addition  of  glacial  acetic 
acid.  There  was  also  present  a  large  number  of  columnar  epithelial 
cells.  No  starch  granules  or  other  food  residues  were  identified.  No 
fatty  acid  crystals  were  observed.  In  addition  to  the  above  there 
were  some  small  colorless  crystals  which  were  undisturbed  by  glacial 
acetic  acid.     The  air-dried  material  weighed  15.26  gm. 

In  the  air-dry  material  there  was  2.07  per  cent  of  nitrogen;  37.04 
per  cent  of  ash ;  18.05  P*""  c*"*  of  crude  ether  extract  (neutral  fat  + 
free  fatty  acids)  and  38.0  per  cent  of  total  fatty  acids  obtained  by 
extracting  the  feces  after  drying  with  alcohol  and  hydrochloric  acid 
to  break  up  the  soaps.  The  heat  of  combustion  was  4.736  calories 
per  gm.  of  air-dry  material.  The  per  cent  of  nitrogen  is  scarcely  one 
half  that  found  in  ordinary  feces. 

The  per  cent  of  ash  was  unusually  large,  nearly  twice  that  com- 
monly found  in  feces,  and  much  larger  than  with  any  sample  of  feces 
which  we  have  ever  examined  in  this  laboratory.  Furthermore,  no- 
where in  the  literature  have  we  been  able  to  find  a  sample  of  feces 
with  such  a  large  proportion  of  ash.  On  the  assumption  that  air- 
dried  feces  contains  not  far  from  5  to  7  per  cent  of  water,  it  will  be 
seen  that  on  the  water-free  material  there  would  be  not  far  from  40 
per  cent  of  ash.  > 

The  large  amount  of  fatty  acids  when  compared  to  the  amount  of 
crude  ether  extract  shows  that  there  must  have  been  a  very  consider- 
able excretion  of  soap.  While  unfortunately  no  determinations  were 
made  of  calcium,  it  is  highly  probable  that  this  element  was  combined 
and  excreted  with  the  fatty  acids  in  the  form  of  calcium  soaps.  On 
this  assumption  the  high  ash  content  may  partly  be  accounted  for  by 
the  fact  that  the  ignition  of  the  calcium  soaps  would  result  in  a  rela- 
tively large  residue  of  calcium  carbonate,  which  would  not  be  con- 
verted to  the  oxide  at  the  low  temperature  of  incineration  at  which 
these  ash  determinations  are  commonly  made. 
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While  the  feces  cannot  be  strictly  designated  as  fasting  feces,  they 
are  of  interest  as  having  a  composition  closely  analogous  to  one  of 
those  of  the  fasting  men  who  took  small  quantities  of  food  after  fast- 
ing, and  the  feces  were  characterized  by  a  very  large  quantity  of  ash, 
accompanied  by  a  large  excretion  of  fatty  acids. 

SUMBARY. 

The  results  of  this  investigation  may  be  summarized  as  follows : 

1.  The  volume  of  urine  of  a  fasting  woman  (without  water)  may  be 
as  low  as  237  c.c,  in  twenty-four  hours, 

2.  The  specific  gravity  of  two  twenty-four-hour  amounts  of  the  urine 
during  fasting  (without  water)  was  observed  to  be  as  high  as  1.035. 

3.  The  nitrogen  output  during  fasting  increased  for  the  first  three 
days  and  then  decreased.     On  one  day,  at  the  conclusion  of  the  fast, 

.the  subject  excreted  but  3.17  gm,  of  nitrogen. 

4.  The  total  potential  energy  of  the  urine  was  much  less  than  that 
commonly  observed  in  fasting  men,  and  on  but  one  day  did  the  energy 
excreted  reach  100  calories. 

5.  The  ratio  of  energy  to  nitrogen  during  the  fast  increased  rapidly 
as  the  fast  progressed.  On  all  fasting  days  it  was  unusually  high 
(on  one  day  i :  19-75),  ^^"^  indicating  an  acidosis,  although  a  veri- 
fication of  this  hypothesis  was  not  made  by  determining  the  organic 
acids. 

6.  The  preformed  creatinine  excretion  of  this  subject  was  low,  the 
creatinine  excretion  per  kilogram  of  body  weight  being  but  1 1  mgm. 

7.  The  preformed  creatine  in  the  urine  increased  markedly  with 
fasting,  and  practically  disappeared  on  the  conclusion  of  the  fast. 

8.  A  chemical  examination  of  the  feces  which  were  not  sharply 
separated,  and  therefore  not,  strictly  speaking,  fasting  feces,  showed 

.  an  abnormally  high  content  of  ash  and  fatty  acids,  thus  indicating 
the  excretion  of  a  large  amount  of  soap.  These  observations  were  in 
accord  with  the  microscopical  examination. 
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Bv  FRANCIS  GANO  BENEDICT  and  VICTOR  CARYL  MYERS. 

[Frem  tht  Chemical  Laioratory  of  Wtsliyaa  University^ 

THE  significance  of  the  creatinine  elimination  as  a  factor  in 
metabolism  has  received  unusual  attention  in  the  past  two  or 
three  years,  due  to  the  researches  of  Folin,"  who  not  only  has  devised 
a  simple  colorimetric  method  for  the  exact  determination  of  creati- 
nine, but  has  viewed  the  creatinine  output  from  the  standpoint  of  a 
new  theory  of  protein  metabolism.  Folin,^  Van  Hoogenhuyzc  and 
Verploegh,^  Closson,*  Klercker,"  Koch,^  and  Shaffer'  have  reported 
results,  giving  the  creatinine  elimination  of  a  large  number  of 
individuals. 

Of  the  results  thus  far  reported  but  few  are  on  women.  In  report- 
ing the  results  of  some  metabolism  studies  with  special  reference  to 
mental  disorders,  Folin^  with  bis  collaborators,  Shaffer  and   Hill, 

'  The  expenses  of  this  investigation  were  shared  by  the  Carnegie  Institution 
of  Washington  and  the  Connecticut  Hospital  for  the  Insane  at  MiddletowD, 
Connecticut.  The  study  was  made  possible  through  the  hearty  co-operation  of 
Drs.  W.  E.  Fisher,  A.  B.  Colburn,  and  L.  F.  LaPierre.  Throughout  the  in- 
vestigation we  enjoyed  the  counsel  of  Dr.  A.  R.  DiefendoRP,  in  charge  of  the 
Laboratory  oi  the  Connecticut  Hospital  for  the  Insane,  where  the  analytical 
work  incidental  to  this  investigation  was  completed. 

'  Folim:  This  journal,  190S,  xiii,  pp-  46-138;  Zeitschrift  fiir  physiologische 
Chemie,  1904.  xli,  p.  223 ;  American  journal  of  insanity,  1904,  Ix,  Ps6f)g,  and  ixi, 
p.  299. 

'  Van  Hoogenhuvze  and  Verploegh:  Zeitschrift  fiir  physiologische  Chemie, 
r905,  kIvi,  p.  415. 

*  Closson  :  This  journal,  1906,  xvi,  p.  252. 

*  Klercker;  Hofmeister's  Beitrage  zur  chemischen  Physiolc^e,  1906,  viii, 
P-  59. 

"  Koch  :  This  journal,  1905,  xv,  p.  15. 
'  Shaffer:  In  a  private  communication. 
'  Foltn:  Loc.  cit. 
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gives  the  creatinine  output  of  seven  women  patients  in  the  McLean 
Hospital  for  the  Insane  at  Waverley,  Massachusetts. 

Mrs.  A.  W.  excreted  0.644,  o-653>  o-S^Si  0.600,  0.646,  0.598,  0.615,  0.568, 
0.561,  0.674,  0.688,  0.540,  0.617,  ^i"^  o.6t3  gra.  of  creatinine  on  con- 
secutive days,  an  average  for  the  fourteen  days  of  0.614  gm- 

Mrs.  R.,  with  a  body  weight  of  40.86  kilos,  excreted  on  five  consecutive  days 
0.66,  0.54,  0.54,  0.57,  and  0.62  gm.  of  creatinine,  an  average  of  0.586 
gm.  per  day,  or  14.3  mgm.  of  creatinine  per  kilo  of  body  weight 

Mrs-  G.  W.  P.,  with  a  body  weight  of  63.78  kilos,  excreted  on  four  consecu- 
tive days  0.94,  0.79,  o.go,  and  0.73  gm.  of  creatinine,  of  an  average  of 
0,84  gm,  per  day,  or  13.3  mgm.  of  creatinine  per  kilo  of  body  weight. 

Mrs.  W.  S.  H.,  with  a  body  weight  of  52.8  kilos,  excreted  on  four  consecutive 
days  0.912,  1.07,  0.921,  and  0.874  gm.  of  creatinine,  or  an  average  of 
0.940  gm.  of  creatinine  per  day,  or  17.7  mgm.  of  creatinine  per  kilo  of 
body  weight. 

Miss  F.,  with  a  body  weight  of  50.83  kilos,  in  one  experiment  lost  in  five  con- 
secutive days  r.103,  1.06,  1.16,  1.07,  1.313  gm.,  or  an  average  of  1.104 
gm.  of  creatinine  per  day,  or  ai.7  mgm.  per  kilo  of  body  weight 

Mrs.  E.  M.,  with  a  body  weight  of  80.3  kilos,  excreted  on  four  consecutive 
days  0.755,  °-755.  0.733,  o-77i  ^"^  ".74  gm.  of  creatinine,  or  an  aver- 
age of  0.75  gm.  per  day,  or  9.4  mgm.  of  creatinine  per  kilo  of  body 
weight. 

Miss  E.  B.  excreted  0.853  ^"^^  0.863  K™-  of  creatinine  on  two  days 
respectively. 

Van  Hoogenhuyze  and  Verploegh '  reported  the  creatinine  elimi- 
nation of  a  fasting  girl,  Flora  Tosca.  The  amounts  excreted  for  the 
fourteen,  days  of  the  fast  were  0.904,  0.577,  0,581,  0.634,  0.603, 
0,590,  0.469,  0.689,  0-71S'  0.602,  0.453,  0.566,  0.548,  0.426  gm. 
respectively.     Unfortunately  the  body  weight  is  not  given. 

Shaffer,^  in  experiments  on  a  woman  with  a  biliary  fistula,  observed 
an  average  excretion  of  0.72, 0.59,  and  0.89  gm,  of  creatinine  in  three 
series  of  experiments.  While  the  body  weight  remained  essentially 
55  kilos,  there  were  marked  changes  in  the  creatinine  excretion  per 
kilo  of  body  weight. 

Aside  from  the  above  observations,  no  other  records  of  the  creati- 
nine elimination  by  women  have,  as  far  as  we  are  aware,  been  pub- 
lished. Folin  has  already  pointed  out  that  the  creatinine  elimination 
seems  to  depend  in  a  large  measure  upon  the  body  weight  of  the 

'  Van  Hoogenhuvze  and  Verploegh:  Loc.  cit.,  p.  470. 
*  Shaffer  ;  This  Journal,  1906,  xvii,  p.  362. 
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subject,  although  individuals  of  the  same  body  weight  may  show  va- 
riations according  to  the  amount  of  adipose  tissue.  Hence  there  ap- 
pears to  be  a  more  or  less  direct  relationship  between  the  creatinine 
elimination  and  the  active  mass  of  protoplasmic  tissue.  Numerous 
observations  show  that  moderately  corpulent  men  eliminate  per 
twenty-four  hours  about  20  mgm.  per  kilo  of  body  weight,  while  lean 
men  yield  about  25  mgm.  per  kilo.  Shaffer,'  in  a  recent  paper 
before  the  American  Physiological  Society,  has  studied  more  in 
detail  the  limits  of  the  normal  creatinine  elimination  per  kilo  of  body 
weight,  and  designates  this  ratio  as  the  "creatinine  coefficient." 
These  limits  vary  from  18  to  30  mgm.  per  kilo. 

Shaffer  has  also  emphasized  the  importance  of  the  varying  degrees 
of  muscular  development,  and  more  especially  muscular  tonus  as  af- 
fecting the  creatinine  elimination.  Inasmuch  as  it  is  believed  that 
the  difference  in  adipose  tissue  in  different  individuals  influences  to  a 
considerable  extent  the  creatinine  coefficient,  it  is  of  value  to  note 
the  creatinine  elimination  in  women,  since  the  proportion  of  adipose 
tissue  to  the  active  mass  of  protoplasmic  tissue  is  much  larger  with 
women  than  with  men.  A  study  of  the  creatinine  elimination  in 
women  seemed  extremely  desirable  to  us  with  a  view  to  throwing  ad- 
ditional light  on  these  three  points ;  namely,  the  effects  of  the  degree 
of  muscular  development,  muscular  tonus,  and  proportion  of  adipose 
tissue  on  the  creatinine  elimination. 

While  the  use  of  insane  patients  for  making  observations  of  this 
kind,  which  are  supposed  to  contribute  to  our  knowledge  of  physiol- 
ogy rather  than  pathology,  is  open  to  criticism,  yet  from  the  obser- 
vations of  Folin'and  others,  it  seems  highly  probable  that  mental 
disorders  per  se  do  not  necessarily  involve  such  changes  in  metabolism 
as  to  modify  the  creatinine  output. 

Methods. 

Diat  —  In  order  to  eliminate  the  possibility  of  the  ingestion  of  pre- 
formed creatine  and  creatinine,  the  precaution  was  taken  to  make  sure 
that  the  subject  partook  of  a  creatine-free  diet  both  during  and  for 
twenty-four  hours  before  the  experiment  proper  began.    While  Folin  * 

'  Shaffer:  The  effect  of  muscular  aaivity  on  kreatinin  excretion,  with  pre-- 
liminary  observations  on  the  excretion  of^  kreatinin  in  health  and  disease,  re- 
ported by  title :  This  journal,  1907,  xviii,  p.  xx. 

*  Folin:  Loc.  cii. 

»  Folin  :  Hammarsten   Festschrift,  1906, 
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has  recently  shown  that  a  large  part  of  the  creatine  or  creatinine 
ingested  may  not  appear  in  the  urine,  either  as  preformed  creatine  or 
preformed  creatinine,  yet  in  any  study  of  the  endogenous  creatinine 
elimination  the  food  should  be  creatine-free.  The  diet  consisted  for 
the  most  part  of  bread,  milk,  and  eggs. 

AaalTtloal  matboda.  —  The  urine  was  collected  in  periods  of 
twenty-four  hours.  In  some  instances  it  was  necessary  to  catheter- 
ize  the  patient,  but  in  the  majority  of  cases  the  urine  was  collected 
as  voided.  It  is  always  difficult  to  secure  an  absolute  twenty-four 
hour  separation  for  each  day,  nevertheless,  if  the  measurements  ex- 
tend over  a  period  of  three  days,  it  is  fair  to  assume  that  the  average 
excretion  represents  with  considerable  accuracy  the  amount  excreted 
for  each  day.  Aside  from  the  creatinine  determinations,  microscopic 
examinations  of  the  urine  were  made,  together  with  tests  for  albumen 
and  sugar,  which  are  reported  if  significant  in  interpreting  the 
results. 

The  creatinine  was  determined  in  all  instances  by  Folio's  method. 
Preformed  creatinine  was  first  determined.  Then  the  urine  was  heated 
with  hydrochloric  acid  either  for  three  hours  on  the  water  bath  or  for 
one  and  one-half  hours  in  an  autoclave  to  convert  all  the  creatine  to 
creatinine.  It  was  thus  possible  to  obtain  measurements  of  the  amounts 
of  preformed  creatine  present  tn  the  urine.  In  most  instances  the 
amounts  found  were  negligible  or  within  the  limit  of  error  of  the  ana- 
lytical method  employed. 

In  all  of  the  early  cases  investigated  the  technique  of  preserving  the 
urine  is  open  to  criticism  in  that  the  chloroform,  which  was  then 
used  as  the  preservative,  was  not  added  to  the  urine  until  the  speci- 
men reached  the  laboratory,  thus  leaving  a  slight  opportunity  for 
bacterial  action.  A  recent  study  of  the  transformation  of  creatinine 
to  creatine  made  in  connection  with  this  work  shows  that  in  some 
samples  of  urine  there  is  a  strong  tendency  for  the  conversion  of 
creatinine  to  creatine  even  if  chloroform  or  chloroform  and  thymol  are 
present.  The  change  is  most  noted  in  urines  that  are  alkaline. 
Consequently  in  several  samples,  where  pressure  of  other  work  pre- 
cluded an  immediate  determination  of  the  preformed  creatinine,  the 
results  are  reported  as  total  creatinine. 

In  several  instances  a  remarkably  low  creatinine  elimination  was 
observed,  but  repeated  tests  sh«wed  the  constancy  of  the  amounts 
excreted. 

This  paper  deals  with  the  preformed  creatinine  output,  and  hence 


Digitized  by  Google 


Tfu  Elimination  of  Creatinine  in   Women.  381 

the  discussion  of  creatine  is  not  included  here.  Recent  observations  ^ 
imply  that  the  creatinine  and  creatine  of  urine  arise  from  inde- 
pendent sources. 

Experimental  Data, 

Case  t,  D.  H.  Psychosis  ;  Senile  Demmtia.  —  Age,  eighty-five  years.  Body 
weight,  39  kilos.  This  woman  has  lived  on  a  milk  diet  for  the  last  five 
years,  the  quantity  before  the  experiraenl  averaging  1700  c.c.  per  day. 

Subject  in  bed,  old,  feeble,  withered,  and  very  inactive.  Clinical  examina- 
tion of  urine  revealed  nothing  pathological.  Creatinine  determinations 
were  made  during  two  different  periods. 

1906-                                   Feb.  7.                     Feb.  8.  Feb.  g. 

Quantity 1352  c.c,              872  c.c.  1243  c.c. 

Specific  gravity    .     .     .  1.013  1.014  i>oi3 

Preformed  creatinine  0.324  gm.  0.313  gm.  0.315  gm. 

Average  preformed  creatinine  elimination  for  three  days,  0.284  pn- 

1906.  June  19.        Juneao.        June  11.        June  11.         June  23.       June  14. 

Quantity     .     1400C.C.     loioc.c.     iiooc.c.     logo^c.c.       99SC.C     1475C.C. 

Specificgr. .     1.013  1-013  i.oia         1-013  i.oio        1.014 

creattaine   {o-^aagm.   o.238gm.   0.345  gm.  0.287 gm.  o.369gm.  o.428gm. 

Average  daily  preformed  creatinine  ehmination  for  six  days,  0.398  gm. 

Crm  H.,  H.  I>.     Psychosis  ;  Dementia  Prtxeox,  Paranoid  Form,  24  Group. 

—  Age,  sixty-six  years.    Body  weight,  40  kilos.    Subject  withered,  active, 

but  in  bed.    Nothing  pathological  found  in  clinical  examination  of  urine. 

Feb.  13, 
733  C.C. 
1.01S 
0.494  gm. 

Average  total  creatinine  elimination  for  three  days,  0.505  gm. 

•  Klercker:  Loc.cit.;  Shaffer:  Lec.cit.;  Benedict,  Publication  No.  77, 
Carnegie  Institution  of  Washington,  1907. 

*  Ninety  c.c.  of  urine  lost,  mixed  with  feces,  jThe  amount  lost  was  added  to  that 
actually  collected,  and  the  total  amount  passed  is  given  in  the  table.  Thus  1000  c.c. 
were  collected  and  90  c.c.  lost.  , 

'  Id  th[s  and  several  other  samples,  although  the  urine  had  been  preserved  with 
chlorofornn  (without  the  addition  of  thymol,  however),  there  was  an  unavoidable 
delay  in  the  determinations,  and  hence  the  total  creatinine,  i.e.,  preformed  cre- 
atinine plus  any  preformed  creatine,  i«  recorded. 


1906, 

Feb.  II. 

Feb.  12. 

Quantity    .     .     . 

.        545  c-c- 

806  CC. 

Specific  gravity  . 

.     1. 019 

I-014 

Total*  creatinine 

.     o.44»  gm. 

0.578  gm. 
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Cms  m.,  M.  H,  Psychosis;  Dementia  Paraiyfica. — Age,  fifty-two  yean. 
Body  weight,  65  kilos.  Subject  in  bed,  has  little  control  over  muscular 
movements.  Speech  unintelligible,  has  difficulty  in  swallowing,  sleeps 
most  of  the  time,  well  nourished.  No  pathological  findings  in  urine  by 
routine  tests. 

1906.  Feb.  16.  Feb.  17.  Feb,  18. 

Quantity      .     .     .     1555  c.c.  1065  cc.  11 12'  cc. 

Specific  gravity     .     1.017  1.018  1.018 

Total  creatinine     .     0.737  gm.  0.616  gm.  0.741  gm. 

Average  toUl  creatinine  elimination  for  three  days,  0.697. 
Cms  ITt  M.  C.  I^ychosis ;  Dementia  Pracgx,  Catatonic  Form.  —  Age,  forty- 
five  years.  Body  weight,  48  kilos.  Patient  inactive,  sits  up,  walks  about 
the  ward,  young  for  her  years,  irritable  heart.  Clinical  examination  of 
urine  revealed  nothing  pathological.  Patient  was  subjected  to  experiment 
at  three  difl'erent  periods.  During  the  second  period  the  urine  was  per- 
sistently alkaline,  except  on  the  last  day,  and  though  the  determinations 
of  the  preformed  creatinine  were  made  as  soon  as  the  specimens  reached 
the  laboratory  (three  or  four  hours  after  last  passage  of  urine  for  speci- 
men), still  the  alkaline  bacterial  fermentation  seemed  to  have  destroyed 
considerable  of  the  preformed  creatinine. 

1906.  Feb.  2a  Feb.  »i. 

Quantity iizoc.c.  1065  c.c. 

Specific  gravity     .     .     .     1.015  1.017 

Preformed  creatinine     .     0.703  gm.  0.805  gm. 

Average  preformed  creatinine  elimination  for  two  days,  0.754  gm. 

1906.  June  z6.  June  rj.  June  iS.  June  19.  June  30. 

Quantity.     .      9850.0.         7950.0.        Sauce.  660  c.c.  660  c.c. 

Specific  gravity    i.ozo  1.025  1-021  1.023  1.025 

Reaction       .      alkaline  alkaline         alkaline  alkaline  acid 

^c'SS^e   .    {''■^82(?)gm.  o,so2(?)gm.  o.s.7gm.(?)   o.474(?)g'n-  o.84<gm. 
The  average  preformed  creatinine  elimination  for  these  five  days  was 
o-S^S  pn- 

1906.  Oct.  12.  Oc(.  11-  0«.  14.  Oct.  15. 

Quantity 1340  c.c.  890  c.c.        1380  c.c.  847  cc. 

Specific  gravity    .     .     .     1.018  1.022  1.017  1.019 

Preformed  creatinine     .     o.gos'gm.       o.5So'gm.     o.799gm.       o.8o6gm. 
The  average  preformed  creatinine  elimination  for  the  four  days  was 
0.77a  gm. 
1  Five  hundred  c-c.  lost,  mixed  with  feces,  quantity  measured. 
■  The  first  day  contains  a  portion  of  urine  belonging  to  the  second  day  as  a  re- 
sult of  imperfect  collection. 
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This  value  is  essentially  the  same  as  that  found  in  the  February 
experiment,  and  but  slightly  lower  than  that  found  on  the  one 
day  of  the  June  experiment  on  which  the  urine  was  acid.  This  there- 
fore indicates  that  the  alkaline  urines  of  June  26-29  1^^^  undergone 
such  changes  as  to  decrease  materially  the  amount  of  preformed 
creatinine  normally  excreted  by  this  subject.  The  average  for  the 
subsequent  table  was  taken  from  the  first  and  third  periods. 

Cm*  v.,  S.  L.  Psychosis  ;  Dementia  Prascox,  Catatonic  Form.  —  Age,  thirty- 
two  years.  Body  weight,  53  kilos.  Muscular  activity  of  subject  practi- 
cally normal,  plump,  active,  good  worker,  younger  than  her  years,  irritable 
heart.  Several  weeks  after  experiment  patient  was  sent  home  as  recovered. 
From  clinical  examination  urine  was  apparently  normal  in  every  respect. 
1906.  Feb.  14.  Feb.  25.  Feb.  i6. 

Quantity 1070  cc.  745  c.c.  785  c.c. 

Specific  gravity    .     .     .     1.023  1.026  i.oa6 

Preformed  creatinine  0.738  gm.         0,727  gm.         0.738  gm. 

Average  preformed  creatinine  elimination  for  three  days,  0.732  gm. 

Cms  VI.,  a.  H.  Psychosis  ;  Dementia  Pracox,  Paranoid  Form,  2d  Group.  — 
Age,  thirty-nine  years.  Body  weight,  61  kilos  at  time  of  first  experiment 
here  recorded.  Physically  a  normal  individual,  except  that  muscular 
activity  is  considerably  under  normal. 

1906.  March  15.  March  16.  March  17. 

Quantity 1 780  c.c.  1480  c.c.  2040  c.c. 

Specific  gravity    .     .     .     t.oiS  i.otS  1.017 

Preformed  creatinine     .     0.879  gm.         0.848  gm.        0.863  gm. 
Average  preformed  creatinine  elimination  for  three  days,  0.863  S™- 

Body  weight  at  time  of  second  experiment,  78  kilos.  During  the  last 
two  days  of  the  experiment  patient  was  menstruating,  and  the  urine  was 
contaminated  with  a  considerable  amount  of  blood,  making  the  urine 
albuminous  and  also  rendering  it  alkaline.  Urine  collected  in  a  bottle 
containing  10  c.c.  of  chloroform.  Determinations  made  immediately 
after  day's  urine  was  collected. 

1906.  July  20.  July  Ji.  July  21.  July  23. 

Quantity 2080  c.c.        2230  c.c.         2345  c.c.        2480  c.c. 

Specific  gravity    .     .     .     i.oii  1.013  •■0'4  '-on 

Reaction acid  acid  alkaline  alkaline 

Albumen none  none         about  3  p.  c.    about  2  p.  c. 

Preformed  creatinine    .     0.991  gm.        1.088  gm.        0.825  S'^-        0.801  gm. 


Average  preformed  creatinine  elimination  for  four  days,  0.916  gm. 
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During  the  third  period  of  experiment  patient  was  on  a  very  light  diet 
as  the  result  of  some  delusions  she  entertained,  and  her  body  weight  fell 
from  80  kilos  on  September  i  to  74  kilos  on  October  i.  Creatinine 
determinations  were  made  in  patient's  urine  during  ten  days  of  this  period. 
The  usual  clinical  examination  revealed  nothing  pathological.  On  ac- 
count of  some  irregularities  the  urine  of  the  fourth  day  was  discarded. 

1906.  Sept.  17.  Sept.  iS.        Sept.  19.  Sept.  11.        S«pt.  zz. 

Quantity      ....  iiaocc       68oc.c.     740CC      535  c.c.      6ioc.c. 

Specific  gravity     .     .  i.oio  i.oii         i.ooS  1.008  i.oii 

Preformed  creatinine  .  iNS98gm.  o.  798  gm.  0.895  gin.  o.778gin.   o.833gm. 

1906.  Sept.  13.  Sept.  14.        Sept.  25.  Sept.  z6.        Sept.  17. 
Quantity      ....       683  c.c.       900  c.c.      875  c-c.      685  c.c,     1030  cc. 

Specific  gravity     .     .  i.oii  1.009  1.008  i-oi3  1.018 

Preformed  creatinine .  0.768  gm,  0.858  gm.  0.779  gm.  0.867  gm.  o-9S9g™- 

Average  preformed  creatinine  elimination  for  the  ten  days,  0.843  E"^- 

Crh  VHt  a.  B.  Psychosis;  Dementia  Fracox,  Catatonic  Form. — Age, 
thirty  years.  Body  weight,  42  kilos  at  time  of  experiment.  Patient  quiet 
in  bed,  apparently  in  faidy  good  physical  condition ;  fed  with  tube.  The 
clinical  examination  of  the  urine  revealed  that  the  patient  had  chronic 
nephritis,  about  i  per  cent  of  albumen  continuously  being  present  during 
the  three  days,  together  with  a  large  number  of  hyaline  casts  and  many 
pus  cells. 

1906.  March  15.  March  16.  March  17. 

Quantity      ...       1515  c.c,  445 '  c.c.  1740  cc. 

Specific  gravity     .     1.013  i.ozo  i-oi3 

Total  creatinine    .    o,66agm.  0.350  gm.  0,783  gm. 

The  average  total  creatinine  elimination  for  the  three  days  was  0.5&5  gm. 
Cu*  vm.,  L.  B.  Psychosis  ;  Dementia  Pnecox,  Hebephrenic  Form.  —  Age, 
fifty-seven  years.  Body  weight,  49  kilos  during  both  experiments.  Fair 
physical  condition  and  moderately  active  during  both  observations,  though 
possibly  in  slightly  better  physical  condition  during  the  second  than  dur- 
ing the  first  period.  Clinical  observations  revealed  nothing  abnormal  in 
the  urine. 

1906.  July  7.  July  S.  July  9.  July  la 

Quantity 1510C.C.  1395  c.c.        13 28  c.c.         1385  c.c. 

Specific  gravity     ;     ,     .     1,014  1.014  1.014  1.014 

Preformed  creatinine         0.588  gm.       0.582  gm.       0.664  gm.       0.676  gm. 
Average  preformed  creatinine  ehmination  for  four  days,  0.627  gm. 

>  Patient  had  only  one  passage  of  urine  on  the  morning  of  the  second  day,  and 
had  to  be  catheterized  the  third  day,  so  that  the  third  day  contained  a  portion  of 
urine  belonging  to  the  second  period. 
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1906-  Dec.  7.  D«c.  8.  Dec.  9. 

Quantity 1875  c.c.  1815  c.c.  1765  c.c. 

Specific  gravity    .     .     .     1.016  1.014  i.oi6 

Preformed  creatinine     .    0.799  gtn.        ^'T^T  %'^        o.Sii  gro. 
Average  preformed  creatinine  elimination  for  three  days,  0.776  gm. 
Ca*e  IX.,  M.  R.    Psychosis  ;  Paranoia.  —  Age,  forty-five  years.    Body  weight, 
43  kilos  during  both  experiments.      Subject  ansemic,  active,  withered ; 


Much  iS. 

1.037 
0.314  gm. 

Average  total  creatinine  elimination  for  three  days,  0.487  gm.  On 
account  of  the  lack  of  uniformity  in  the  above  results  a  second  experi- 
ment was  made. 

1906.  Aug.  ri.  Aug.  13.  Aug.  14, 

Quantity zaoc.c.  260  c.c.  280  c.c. 

Specific  gravity    .     .     .     1.018  1030  1.027 

Preformed  creatinine         0.414  gm.         0.453  gm.        0.476  gm. 
Average  preformed  creatinine  elimination  for  three  days,  0.447  S™' 

Ca««  Z.,  A.  It  Psychosis  ;  Manic  Depressive,  Maniacal  Perm.  —  Age,  sixty- 
three  years.  Body  weight,  64  kilos.  Subject  well  nourished,  indolent, 
though  taking  a  fair  amount  of  exercise,  but  during  the  experiment  the 
patient  was  undergoing  a  period  of  mental  excitement.  Clinical  exami- 
nation of  the  urine  revealed  that  patient  had  chronic  nephritis,  about 
I  per  cent  of  albumen  being  found  on  each  day,  with  many  hyaline 
and  granular  casts  and  a  considerable  number  of  leucocytes. 

1906.  March  17.  March  18.  March  19. 

Quantity 1046 'c.c.  695  c.c.  ir6oc.c. 

Specific  gravity    .     .     .     1.018  i.oso  1.016 

Preformed  creatBiine    .     o.698gm.        o.77igm.        o.774gm. 
Average  preformed  creatinine  elimination  for  three  days,  0.748  gm. 

Case  XI.,  B.  K.  Psychosis ;  Dementia  Pracox,  Paranoid  Form,  &d  Group, 
—  Age,  thirty-one  years.  Body  weight,  51  kilos.  Subject  has  a  rather 
poor  circulation,  but  no  organic  trouble ;  moderate  muscular  activity. 
The  collection  of  the  urine  was  probably  just  following  the  menses. 
Clinical  examination  of  the  urine  revealed  nothing  pathological. 
'  Two  hundred  and  thirty-six  c.c.  lost. 
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1906.  March  17.  March  18.  March  19. 

Quantity     .     .     .       620  c.c.  515  c.c.  555  c.c. 

Specilic  gravity  1.020  i.oa6  1.029 

Total  creatinine         0.7398111.         0.749  gni.         o.Sojgm. 
Average  total  creatinine  elimiiiatton  for  three  days,  0.765  gm. 
CB«e  ZH.,  A.  M.     Psyckosii  ;  Melancholia.  —  Age,  forty-seven  years.     Body 
weight,  44  kilos.     Subject  in  very  poor  physical  condition,  emaciated, 
muscular  activity  much  less  than  normal.      Clinical  examination  of  the 
urine  revealed  nothing  pathological. 
1906.  March  23. 

Quantity      .     .     .     1460  c.c. 
Specific  gravity  1.015 

Total  creatinine     .     0.680  gm. 
Urine  lost  .      none 

Average  total  creatinine  elimination  for  three  days,  0.833  g™* 

Caaa  zm.,  E.  S.  Psychosis  ;  Manic  Depressive,  Depressed  Form.  —  Age. 
fifty  years.  Body  weight,  47  kilos.  During  experiment  patient  was  much 
excited,  refused  to  keep  on  any  clothes,  and  was  consequently  locked  in 
her  room.     She  was  in    fair  physical  condition   and   extremely  active. 


M«ch  14. 

Maich  15. 

1349  c.c. 

1109C.C. 

1.024 

1.022 

0.944  gm. 

0.846  gm. 

294  c.c. 

599 '  c.c. 

Clinical  examination  of  the  u 

rine  revealed  a 

n  occasional 

hyaline  cast 

1906.                   March  25. 

March  28. 

March  19- 

March  30. 

Quantity     .    .    .      1040  c.c. 

1375  cc. 

1096  cc. 

1936  C.C. 

Specific  gravity    .     1.027 

I.O20 

1.025 

I.0I7 

Total  creatinine    .    0.991  gm. 

0.974  gm. 

1:183  gm. 

0.743  gm. 

Urine  lost    .    .     .     none 

none 

237  c.c. 

29s  cc. 

Average  total  creatinine  elimination  for  four  days,  0.973  8™' 
Cue  ZZT.,  E.  B.    Psychosis  ;  Manic  Depressive,  Mixed  Form.  —  Age,  sevenly 
years.     Body  weight,  69  kilos.     Subject  well  nourished,  rather  indolent, 
with  only  a  moderate  amount  of  activity.    Clinical  examination  of  the 
urine  revealed  nothing  pathological. 

1906.  March  14.  March  aj.  March  26. 

Quantity 3490c. c.  27830.0.  2525  c.c. 

Specific  gravity    -     .     .     1.013  i.oii  1.009 

Preformed  creatinine     .     i.ozogm.        0.896  gro.        0.974  gm. 
Average  preformed  creatinine  elimination  for  three  days,  0.963  gm. 
'  It  might  at  first  sight  seem  erroneous  to  assume  that  the  creatinine  conteni  of 
the  urine  lost  was  exactly  that  of  the  urine  saved,  but  numerous  observations  show 
that  the  hourly  output  is  relatively  constant,  and  unless  a  marked  diuresis  is  as- 
sumed, It  is  highly  probable  that  the  reported  results  represent  approximately  the 
e  output  for  twenty-four  hours. 


Digitized  by  Google 


The  Elimination  of  Creatinine  in   Women.         387 

Cue  XV.,  A.  D.  Psyehosis  ;  Dementia  Pretcox,  Paranoid  Form,  1st  Group, 
—  Age,  f)%-one  years.  Body  weight,  59  kilos.  Subject  leads  practically  a 
normal  life.  Clinical  examination  of  the  urine  revealed  the  presence  ot 
a  few  hyaline  casts  in  each  of  the  three  specimens  examined. 

1906  March  24.  March  25.  March  id. 

Quantity      .     .     .        752  c.c.  795  cc.         1095  c.c. 

Specific  gravity     .     1.027  i.oar  i.oio 

Total  creatinine    .     0.812  gm.        0.683  gm.        0.768  gm. 
Average  total  creatinine  elimination  for  three  days,  0.754  gm. 

C«»«  XVL,  M.  M.  Psychosis ;  Senite  Dementia.  —  Age,  ninety-two  years. 
Body  weight,  63  kilos  in  both  experiments.  Subject  rather  decrepit, 
partly  paralyzed,  fat  and  flabby.  Spends  most  of  time  in  bed.  A  few 
hyaline  casts  were  found  in  the  clinical  examination  of  the  urine  during 
the  first  observation.  On  account  of  the  low  creatinine  elimination  and 
the  advanced  age  of  patient,  she  was  subjected  to  two  observations. 

1906.  March  24.  March  15.  March  16. 

Quantity 401  cc.  305  c.c.  385  c.c. 

Specific  gravity    .     .     .     i.oag  1-030  r,028 

Preformed  creatinine    .    0.548  gm.         0.460  gm.        0.445  gm. 
Urine  lost  .    .         .    .         59  c.c.  30  c.c.  30  c.c. 

Average  preformed  creatinine  elimination  for  three  days,  0.4S4  gm. 

1906.                       June  II  JnneM.        June  23.  June  14.        June  15. 

Quantity      ....        530  c.c.  495  c.c.      255  c.c.      445  c.c       313  c.c. 

Specific  gravity     .     .  i.oai  1.035         1-030  1.026  T.027 

Preformed  creatinine .  o.4i5gm.  o.743gm.  o.376gm.  o.4iogm.  a3i3gm.  ' 

Urine  lost    ....      none  250  c.c.      none  none            none 

Average  preformed  creatinine  elimination  for  five  days,  0.452  gm. 

Caa«  ZVn.,  M.  D.  Psychosis  ;  Manic  Depressive,  Depressed  Form.  —  Age, 
twenty-five  years.  Body  weight,  85  kilos.  Subject  in  fair  physical  con- 
dition. Great  mental  pressure  of  activity  in  consequence  of  which  patient 
was  continuously  active.  Menstruated  the  three  days  previous  to  begin- 
ning the  experiment.  Clinical  examination  of  urine  revealed  nothing 
pathological. 

1906.  March  14.  March  15.  March  16. 

Quantity 1875  c.  c.  2175  c.  c.  2450  c.c. 

Specific  gravity  .     .     .     1.017  1.013  1.013 

Preformed  creatinine  o.999gm.         i.o24gm.         i'356gm. 

Average  preformed  creatinine  elimination  for  three  days,  1.126  gm. 
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Cu»  Znn^  H.  B.     Fsyehasis ;   Mank  Depressive,  Imbedlk  Basis.  —  Age, 

nineteen  years.     Body  weight,  58  kilos.  Subject  In  fairly  good  physical 

condition,  but  mentally  much  depressed  and  very  inactive.     No  patho' 
logical  findings  in  urine. 

1906,                        March  15.  March  z6.            March  37. 

Quantity 488  c.c  475  cc.           455  cc. 

Specific  gravity    .     .     .     1.038  1-030                 1.028 

Preformed  creatinine    .    0.565210'  0.665  gm.        0.670  gm. 

Average  preformed  creatinine  elimination  for  three  days,  0.633  %S^- 

Caa*  ZIZ.,  M.O.  Psychosis ;  Manie  Depressive,  Circular  Form.  —  Age,  sixty- 
iive  years.  Body  weight,  46  kilos.  Subject  physically  fairly  normal,  active, 
mildly  excited,  undersized.  Muscular  activity  above  the  normal.  No 
pathological  findings  in  the  urine. 

1906.  May  it.  May  ij.  May  14. 

Quantity zSioc.c.  aasoc.c,  2125  c.c. 

Specific  gravity    .■   .    .     1.015  i-o»S  1-013 

Preformed  creatinine    .    o.  7i6gm.        0.599  gm.        o-54SS'n> 

Average  preformed  creatinine  elimination  for  three  days,  0.620  gra. 

Caae  XX.,  C^.     Psychosis;   Dementia  Prcecox,  Paranoid  Form. — Age, 
fifty-two  years.     Body  weight,  76  Itilos.     Subject  in  good  physical  con- 
dition, mentally  perfectly  clear,  rather  stout,  practically  a  normal   indi- 
vidual.    Clinical  examination  of  the  urine  revealed  nothing  pathological. 
1906.  May  II.  May  23.  May  24. 

Quantity 1575  c.c.  1925  c.c.  1370  c.c. 

Specific  gravity    .     .     .     1.016  1-015  1.018 

Preformed  creatinine    .     i.o90gm.         i.i37gm.        i.233gm. 
Urine  lost 25  cc  25  c.c.  none 

Average  preformed  creatinine  elimination  for  three  days,  1.153  S™- 

Cwe  XXI.,  A.  H.     Psychosis  ;  ImbecilUy.  —  Age,  thirty-three  years.    Body 

weight,  68  kilos.     Subject  a  normal  individual  except  for  slight  mental 
defect. 

1906.  May  zl.                 May  13.               May  14. 

Quantity 2490C.C.            1753C.C.           1350c. c. 

Specific  gravity    .     .     .  1.015                 1.016                1. 017 

Preformed  creatinine    .  1.310  gm.        1.242  gm.        1.357  gm. 

Average  preformed  creatinine  elimination  for  three  days,  1.269  i"^- 

Cas«  XXn.,  A.  Q.  Psychosis  ;  Dementia  Pracox,  Hebephrenie  Form.  — Age, 
forty-five  years.     Body  weight,  49  kilos.    Subject  rather  inert  as  a  rule, 
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suid  sufTeriog  from  a  mild  anack  of  erysipelas ;  at  time  of  experiment 
she  was  in  bed.  Clinical  examination  of  the  urine  revealed  nothing 
pathological. 

1906.  May  :i. 

Quantity 1815  c.c. 

Specific  gravity    .    .     .  1.013 

Preformed  creatinine  0.826  gm. 

Urine  lost 450  c.c 


Oue  XZnL,  VOm*  R.  A  member  of  Nursed  Tmining  School.  —  Age,  twenty- 
five  years.  Body  weight,  52  kilos.  Subject  was  just  convalescing  from 
typhoid  fever  and  was  considerably  under  normal  body  weight.  Her 
muscular  activity  was  very  slight.  The  blood  had  previously  given  a 
good  Widal  reaction,  and  the  urine  had  given  a  strong  Diazo  reaction. 
During  the  early  stages  of  the  fever  the  patient's  urine  had  contained  a 
large  amount  of  albumen  and  many  granular  casts,  but  at  the  time  of  ex- 
periment there  was  only  a  faint  trace  of  albumen  and  an  occasional  gran- 
ular cast.  During  the  second  day  of  experiment  patient's  temperature 
was  40°  C,  due  to  an  abscess  on  arm.  This  abscess  was  found  not  to 
contain  B.  typhosus. 

1906.  Oct.  2r.  Oct.  i2.  Oct.  23. 

Quantity 1000  c.c.  750  c.c.  570  c.c. 

Specific  gravity   .     .     .  1.015  1.018  1.017 

Preformed  creatinine    .  0.667  gm.  0-583  gm.  o.543gm. 

Average  preformed  creatinine  elimination  for  three  days,  0.598  gm. 

Ca<«  XatlV.,  U.  p.  Psychosis ;  Melancholia.  —  Age,  fifty-nine  years.  Body 
weight,  40  kilos.  Subject  poorly  nourished,  mentally  very  much  agitated, 
occasionally  becoming  so  excited  that  she  has  to  be  locked  in  her  room  ; 
spends  much  of  the  ttmk  walking.  Clinical  examination  of  the  urine 
frequently  revealed  the  presence  of  uric  acid  crystals  in  the  sediment,  and 
on  one  occasion  several  hyaline  casts.  Patient  subjected  to  experiment 
during  two  different  periods. 

1906.  Nov.  2.  Nov.  3.  Nov.  4. 

Quantity 590  c.c.  630  c.c.  300  c.c. 

Specific  gravity   .    .     .  1.023  1.030  1-034 

Preformed  creatinine  o.424gro.  o.558gm.  o.436gm. 

Average  preformed  creatinine  elimination  for  three  days,  0.473  8""- 
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1906.  Nov.  17.  Not.  18.  Nov,  zo.  Nov.  il. 

Quantity 375c-c-  430C.C.  300C.C.  190+ cc* 

Specific  gravity.     .     .  1.030  1.037  '-^S^  1-036 

Preformed  creatinine  .  0.413  gin.  0.593  g*.  0.513  gm.  0.358  gm. 

Average  preformed  creatinine  elimination  for  the  four  different  days, 

0.4.71  gm. 

Caaa  ZZT.,  S.  S.  Psychosis  ;  Melattcholia.  —  Age,  fifty-seven  years.  Body 
weight,  59  kilos.  Subject  poorly  nourished,  goes  about  wringing  her 
hands  and  moaning,  very  much  agitated.     Clinical  examination  of  urine 

revealed  nothing  pathological. 

1906.  Nov.  19.  Nov.  sa  Nov.  z\. 

Quantity iiooc.c.      _      790  c.c.  650  c.c. 

Specific  gravity    .  1.018  t.ozz  i.ozi 

Preformed  creatinine         0.S00  gm.         0.731  gm.         0.506  gm. 
Average  preformed  creatinine  elimination  for  three  da)*s,  0.676  gm. 

Cm*  ZZVL,  M.  W,  Psychosis;  Melancholia.  —  Age,  forty-five  years.  Body 
weight,  48  kilos.  Subject  considerably  agitated  during  observation,  and 
spent  much  lime  walking  about  the  halls.  Her  physical  condition  is  as  a 
rule  excellent,  but  during  this  depression  it  dropped  below  the  normal 
Clinical  examination  of  Che  urine  revealed  nothing  pathological. 

1906.                          Nov.  6.  Nov,  7.               Nov.  8. 

Quantity 450  c.c.  700  c.c.            540  c.c. 

Specific  gravity    .     .     .  1.017  1.014  1.017 

Preformed  creatinine     .  0.439  S"'-  0-436  gm.  0.554  gm. 

Average  preformed  creatinine  eliniination  for  three  days,  0.476  gm. 

The  earlier  view  that  the  creatinine  elimination  is  in  large  measure 
proportional  to  the  body  weight  has  been  supplemented  by  more 
recent  views,  one  of  which  assumes  that  the  creatinine  elimination  is 
proportional  to  the  active  mass  of  protoplasmic  tissue,  and  a  still  more 
recent  modification  of  this  view  which  has  been  advocated  by  Shaffer 
to  the  effect  that  the  creatinine  elimination  is  affected  by  the  general 
tonus  of  the  muscles.  Obviously,  cases  where  body  weight,  muscular 
activity,  and  general  physical  condition  varied  as  widely  as  did  the 

'  Patient  very  much  excited  on  the  fourth  day,  and  a  small  amount  of  urine  was 
lost.    The  urine  for  the  i6th  was  also  lost. 
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cases  here  reported  furnish  unusual  opportunity  for  a  comparison  of 
the  different  (actors  possibly  influencing  the  elimination  of  creatinine. 
To  render  the  results  more  comparable,  they  have  all  been  col- 
lected in  the  following  table : 
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To  the  data  for  the  creatinine  elimination  are  added  several  body 
measurements,  for  not  only  were  the  body  weights  of  these  subjects 
taken,  but  with  a  view  of  giving  mathematical  expression  to  the  gen- 
eral physical  condition,  the  height  and  the  girth  about  the  shoulders, 
waist,  and  hips  were  recorded.  In  all  instances  the  measurements 
were  taken  over  a  thin  cotton  wrapper,  with  no  clothing  underneath. 
They  represent,  therefore,  approximately  the  measurements  of  the 
naked  body. 

In  the  last  column  of  the  table  has  been  recorded  the  "creatinine 
coefficient."  This  is  determined  by  dividing  the  weight  of  creatinine 
in  milligrams  by  the  body  weight,  and  it  corresponds,  therefore,  to  the 
number  of  milligrams  of  creatinine  excreted  per  kilo  of  body  weight. 
In  the  table  no  attempt  was  made  to  classify  the  patients  according 
to  age,  weight,  height,  or  creatinine  elimination.  They  are  recorded 
chronologically  as  they  were  studied  in  the  laboratory, 

CraaUnlne  oo«fflolont.  —  The  creatinine  coefficients  which  have  been 
commonly  observed  in  men  by  Folin  and  others  range  from  i8  to  30 
mgm,,  while  Shaffer  has  pointed  out^  that  with  women  in  poor 
physical  condition  the  creatinine  coefficient  may  be  very  jnuch  lower 
than  this.  With  the  subjects  here  reported,  the  coefficients  are  un- 
usually low,  in  some  instances  remarkably  low,  and  in  but  two  in- 
stances are  they  above  20.  The  previously  reported  '  creatinine 
coefficients  of  women  vary  from  9.4  to  21.7  and  these,  indeed,  were  ' 
all  with  insane  patients.  Of  these  coefficients  the  lowest,  9.4,  was 
obtained  with  a  woman  patient  weighing  80.3  kilos,  and  the  highest, 
21.7,  was  obtained  on  a  patient  weighing  50.83  kilos.  Unfortunately, 
the  body  measurements  are  not  reported,  and  hence  the  general 
physical  condition  regarding  the  proportion  of  adipose  tissue  cannot 
well  be  estimated.  The  large  amount  of  subcutaneous  fat  present  in 
women  would  result  in  a  materially  smaller  proportion  of  active  pro- 
toplasmic tissue  per  kilo  of  body  weight,  and  hence  we  would  expect 
that  if  the  creatinine  elimination  is  proportional  to  the  active  proto- 
plasmic tissue,  the  coefficients  would  all  be  smaller  than  with  men  of 
equal  body  weight  by  virtue  of  the  large  amount  of  inert  adipose  tis- 
sue which  tends  to  increase  the  body  weight  and  decrease  the  pro- 
portion of  active  protoplasmic  tissue.  Thus  the  general  observation  that 
women  with  relatively  low  body  weights  and  larger  proportions  of 
adipose  tissue  excrete  relatively  low  amounts  of  creatinine  would  be 

'  Shaffer:  Loc.  cil. 
»  See  p.  378. 
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in  harmony  with  the  view  that  the  creatinine  elimination  is  directly 
proportional  to  the  active  mass  of  protoplasmic  tissue.  A  subsequent 
observation  made  in  this  series  of  experiments,  however,  is  not  in 
harmony  with  this  hypothesis.  By  reference  to  the  figures  in  the 
table,  it  will  be  seen  that  from  the  body  weight,  height,  and  girths  an 
estimate  as  regards  the  approximate  amount  of  adipose  tissue  can  be 
made.  Thus  in  Case  17,  where  the  body  weight  was  85  kilos,  it  is 
seen  that  the  height  was  but  1.5  metres,  and  consequently  there  must 
have  been  a  lai^e  amount  of  adipose  tissue.  This  large  body  weight 
results  in  a  low  creatinine  coefficient,  13.2,  although  there  was  one  of 
the  largest  twenty-four-hour  excretions  of  creatinine  observed  in  any 
of  the  cases.  A  comparison  of  the  body  weights  and  the  creatinine 
excreted  shows  that  in  nearly  all  instances  where  there  were  large 
body  weights  the  creatinine  excretion  was  large.  Conversely,  where 
there  was  a  small  body  weight,  the  creatinine  is,  as  a  rule,  small. 

The  smallest  average  amount  was  that  of  Case  1,  namely,  0.292  gm. 
We  believe  this  to  be  the  smallest  daily  average  excretion  of  pre- 
formed creatinine  thus  far  observed.  In  this  case  the  body  weight 
was  extremely  low,  39.3  kilos,  and  the  height  1.65  metres.  In  Case 
24,  where  the  body  weight  was  essentially  the  same,  39.9  kilos,  and 
the  height  was  1. 16  metres,  the  creatinine  excretion  was,  however, 
over  60  per  cent  greater.  Furthermore,  in  the  second  case  there 
must  have  been  a  larger  proportion  of  adipose  tissue. 

Taking  the  girth  at  the  waist  as  a  general  index  of  the  proportion 
of  adipose  tissue,  it  is  seen  that  those  patients  with  the  largest  girth, 
namely,  Cases  16  and  3,  had  low  creatinine  coefHcients ;  but  here, 
again,  this  measurement  alone  will  not  suffice  for  a  true  index  of  the 
physical  condition  of  the  subject,  and  small  body  weight  may  likewise 
result  in  an  extremely  low  coefficient,  as  is  shown  clearly  in  Case  i. 

Muscular  development  independent  of  the  adipose  tissue  is  in  gen- 
eral greater  the  taller  the  individual,  and  hence  the  height  rather  than 
the  body  weight  might  be  taken  as  perhaps  more  nearly  an  index  of 
the  mass  of  muscle  tissue,  and  yet  the  figures  in  the  table  show  no 
uniformity  regarding  the  ratio  between  height  and  total  creatinine 
■excretion. 

It  is  evident,  then,  that  the  factors  influencing  the  creatinine  out- 
put are  not  clearly  known,  and  we  can  but  examine  the  results  and 
study  the  influence  of  the  various  possible  factors. 

lafinanoa  of  sk*.  —  Two  of  the  cases,  namely,  i  and  1 6,  were  of  ad- 
vanced age,  eighty-five  and  ninety-two  years  respectively,  and  both  of 
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these  cases  are  significant  as  having  unusually  low  coefficients.  Com- 
pared with  women  of  like  body  weight  but  younger,  the  excretion  of 
creatinine  is  invariably  low.  Case  i6,  with  a  body  weight  of  62.6 
kilos,  excreted  considerably  less  creatinine  (0.464)  than  the  younger 
woman,  Case  18,  who  with  a  smaller  body  weight,  58.0,  excreted 
considerably  more  (0.633). 

That  we  can  actually  ascribe  an  influence  of  age  as  such  is  hardly 
probable,  for  with  advancing  years,  especially  over  seventy  years,  there 
is  a  loss  of  adipose  tissue  (which  according  to  one  hypothesis  should 
raise  the  creatinine  coefficient)  and  a  loss  of  mifScular  tonus  which  ac- 
cording to  another  hypothesis  should  decrease  the  creatinine  output. 
Although  there  were  marked  differences  in  body  weight  in  the  two 
cases  of  aged  patients  (Nos.  i  and  16),  there  were  likewise  marked 
differences  in  the  height  and  other  measurements,  since  Case  i, 
although  0.15  metre  taller  than  Case  16,  was  a  much  smaller  woman 
so  far  as  all  the  girths  are  concerned. 

From  the  measurements  of  girths,  it  would  appear  that  in  these 
two  cases,  at  least,  there  is  but  a  slight  influence  of  the  adipose  tissue 
on  the  creatinine  elimination,  for,  in  all  probability,  there  was  a  larger 
proportion  of  active  protoplasmic  tissue  in  Case  1,  while  in  the  other 
case  there  was  a  considerable  amount  of  fat  in  addition.  An  exami, 
nation  of  the  report  of  the  physical  condition  of  these  two  patients 
shows  that  in  Case  t  the  subject  was  in  bed,  feeble,  withered,  and 
very  inactive,  while  Case  16,  although  distinctly  fat,  flabby,  and  de- 
crepit, was  partly  paralyzed  and  also  spent  most  of  the  time  in  bed. 
However,  Case  16  was  somewhat  more' active  physically,  and  could 
be  fairly  stated  to  have  a  greater  muscular  tonus  than  did  Case  i. 
This  would  imply,  then,  that  the  hypothesis  of  Shaffer  to  the  effect 
that  the  creatinine  is  a  measurement,  not  only  of  the  active  proto- 
plasmic tissue,  but  also  of  the  tonus  or  activity  of  muscles,  is  true. 

Cr««tliilll*  ooflfflolonta  In  ths  Bams  ladlTldaal  wHtll  markod  dlffsrflnooa 
In  body  walgtat.  —  The  problem  of  the  influence  of  body  weight  upon 
the  creatinine  excretion,  and  consequently  the  creatinine  coefficient, 
is  studied  only  with  diflSculty  where  different  individuals  of  different 
body  weights  are  compared,  for  the  proportion  of  fat,  skeleton,  and 
muscular  or  protoplasmic  tissue  varies  widely  in  individuals.  In  one 
of  the  cases  here  studied,  it  was  possible  to  note  the  creatinine  excre- 
tion at  different  times  of  the  year  when  the  subject  had  a  markedly 
different  body  weight.  Thus,  with  Case  6,  the  body  weight  at  one 
test  was  61. 1  kilos,  and  the  average  excretion  of  preformed  creatinine 
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0.86  gram.  During  another  test  the  body  weight  was  78  kilos  and 
the  average  excretion  0.93,  while  in  another  it  was  74  kilos  with  an 
average  excretion  of  0.84.  In  an  earlier  experiment  made  with  this 
Same  subject  and  reported  previously,^  the  creatinine  excretion  of 
this  subject  was  determined  with  a  body  weight  of  47.7  kilos.  At 
this  weight  the  excretion  was  0.57  gm.  of  preformed  creatinine.  The 
creatinine  coefficients  for  these  various  tests  were,  with  a  body  weight 
of  47.7,  12.0  ;  with  a  body  weight  of  61. i,  14.1 ;  with  a  body  weight 
of  74,  11.3;  with  a  body  weight  of  78,  11.9. 

This  subject  periodically  fasts  as  a  result  of  religious  delusions,  and, 
as  has  been  shown  by  one  of  us,^  after  a  period  of  inanition,  there 
may  be  a  very  considerable  storage  of  nitrogenous  material,  indeed,  a 
storage  considerably  greater  than  that  actually  lost  during  the  period 
of  inanition,  yet  it  is  highly  probable  that  the  major  portion  of  the 
fluctuations  in  weight  observed  in  this  patient  were  due  to  fat  and 
water  and  not  to  protoplasmic  tissue.  On  this  assumption,  therefore, 
it  is  seen  that  so  far  as  this  case  is  concerned,  there  is  little  evidence 
to  show  that  the  active  mass  of  protoplasmic  tissue  determines  the 
creatinine  output,  since  the  fat  and  water  stored  resulted  in  an  ap- 
parent increase  of  the  creatinine  elimination,  which  was  almost  in 
proportion  to  the  increment  in  body  weight. 

So  far  as  we  are  aware,  no  instance  of  the  creatinine  determination 
of  the  same  subject  with  such  a  wide  difference  in  body  weight  has 
thus  far  been  reported. 

So  far  as  the  question  of  muscular  tonus  or  general  strength  of  the 
body  is  concerned,  but  little  evidence  is  presented  by  this  case. 
During  the  four  periods  of  observation  here  reported,  the  general 
muscular  strength  did  not  vary  markedly.  Even  after  the  prolonged 
fast  the  patient  was  able  to  walk  about  the  ward  and  sit  up.  It  was 
her  common  custom  to  sit  for  the  greater  portion  of  the  day  sewing 
and  reading.  Furthermore,  the  values  taken  for  the  creatinine  elimi- 
nation at  the  body  weight  of  ^y.j  kilos  were  taken  after  the  period  of 
fasting  had  ceased,  and  hence,  in  all  probability,  did  not  represent  the 
maximum  condition  of  fatigue.  It  has  been  found  by  a  number  of 
experiments  during  fasting  that  strength  rapidly  returns  after  the  in- 
gestion of  food.  It  would  appear,  then,  that  it  is  necessary  to  assume 
that  the  muscular  activity  and  tonus  were  very  much  less  when  the 
body  weight  was  low  than  when  high,  in  order  to  account  for  the  con- 

'  Benedict  and  Diefendorp:  This  jouraal,  1907,  xviii,  p.  369. 
*  Carnegie  lasdtutioa  of  Washingtoii,  Publication  No.  77,  1907. 
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stancy  in  the  creatinine  coefficient.  This  is  distinctly  contrary  to  the 
evidence  here  presented,  and  judging  from  this  one  case,  but  little 
stress  can  be  laid  upon  muscular  tonus  as  a  factor  influencing  creati- 
nine excretion  in  persons  not  suffering  from  distinct  pathological 
lesions.  It  should  be  stated,  however,  that  the  second  experiment 
with  Case  8,  where  the  creatinine  coefficient  was  much  higher  than 
in  the  first,  the  patient  was  possibly  in  somewhat  better  physical 
condition. 

Summary. 

The  conclusions  reached  in  these  experiments  may  then  be  sum- 
marized as  follows : 

1.  The  creatinine  excretion  of  women  is,  in  general,  much  lower 
than  that  of  men. 

2.  While  the  excretion  is,  in  general,  proportional  to  the  body 
weight,  this  is  not  always  the  case. 

3.  Age  appears  to  play  an  important  rdle  in  the  excretion  of  cre- 
atinine, since  elderly  people  excrete  less  creatinine  than  younger  peo- 
ple, with  essentially  the  same  body  weight. 

4.  The  evidence  furnished  by  the  subject  whose  body  weight  varied 
considerably  at  times  implies  that  the  creatinine  excretion  is  propor- 
tional to  the  body ^ weight  and  not  to  the  active  mass  of  protoplasmic 
tissue. 
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THE  DETERMINATION  OF  CREATINE  AND  CREATININE.^ 

By  FRANCIS  GANO  BENEDICT  and  VICTOR  CARYL   MYERS. 
[Frsm  iht  Chtmica!  LaiaraUn-y  a/  WtiUyan  l/itiveriit}'.} 

THE  physiological  problems  involved  in  the  study  of  creatine  and 
creatinine  have  resulted  in  the  development  of  the  colorimetric 
method  for  the  determination  of  these  two  bodies.  Based  upon  the 
Jaffi  reaction,  Folln '  has  described  a  simple  colorimetric  method  for 
the  determination  of  preformed  creatinine.  Creatine  does  not  give 
this  reaction,  but  by  heating  the  urine  with  hydrochloric  acid  for  a 
considerable  length  of  time,  the  creatine  may  be  in  large  part  con- 
verted to  creatinine,  and  thus  the  colorimetric  method  may  be  ap- 
plied for  determining  creatine.  As  Folin  recommends,  the  urine 
must  be  heated  three  hours  on  the  water  bath  with  hydrochloric  acid 
to  insure  the  conversion  of  the  creatine  to  creatinine.  Where  a  large 
number  of  determinations  are  to  be  made,  the  length  of  time  required 
for  this  conversion  is  a  serious  factor,  and  hence  it  seemed  desirable 
to  so  modify  the  method  of  procedure  as  to  hasten  if  possible  this 
conversion. 

It  is  the  purpose  of  this  article  to  describe  a  modification  of  the 
Folin  method  which  will  enable  the  complete  conversion  of  creatine 
to  creatinine  in  a  much  shorter  time  than  the  usual  three  hours. 

In  connection  with  the  series  of  experiments  which  are  reported  in 
the  two  papers  accompanying  this  article,  much  evidence  was  secured 
regarding  the  reverse  chemical  transformation,  i.e.,  the  conversion  of 
creatinine  to  creatine,  and  the  second  part  of  this  paper  has  to  deal 
with  the  experimental  evidence  throwing  light  on  this  point. 

The  Conversion  of  Creatine  to  Creatinine. 

The  long  time  required  for  the  conversion  of  creatine  to  creatinine 

when  heated  with  hydrochloric  acid  on  the  water  bath  suggested  the 

^  This  research  was  carried  out  with  the  aid  of  a  grant  from  the  Carnegie  In- 

stitutioa  of  Washington.     The  analyses  were  made  in  the  laboratory  of  the 

Connecticut  Hospital  for  the  Insane. 

'  Folin  :  Zeitschrift  fiir  physiologische  Chemie,  1904,  xli,  p.  zzy 
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desirability  of  increasing  the  temperature  of  the  reaction  by  heating 
the  liquid  in  an  autoclave.  Since  an  increase  in  temperature  hastens 
chemical  action,  it  was  thought  that  the  time  of  conversion  could  be 
materially  shortened  by  this  procedure.  A  preliminary  scries  of  ex- 
periments was  made  with  some  extract  of  beef,  which  contains  both 
creatine  and  creatinine.  A  dilute  solution  of  extract  of  beef  was 
made,  and  the  preformed  creatinine  determined  by  the  Folin  method, 
i.e.,  without  the  preliminary  heating  with  hydrochloric  acid.  A 
large  number  of  samples  of  this  dilute  solution  were  then  treated 
with  hydrochloric  acid  and  heated  in  the  autoclave  at  a  temperature 
of  about  117°  C.  for  periods  varying  from  fifteen  minutes  to  three 
hours.  In  this  preliminary  series  of  experiments  it  appeared  that  the 
maximum  creatinine  formation  in  the  dilute  beef  extract  was  obtained 
in  heating  for  fifteen  minutes  in  the  autoclave. 

A  comparative  test  made  with  the  same  beef  extract  solution  in 
which  the  heating  was  carried  out  on  the  water  bath  showed  that  at 
least  two  hours'  heating  was  necessary  for  the  reaction  to  approach 
completion.  At  the  end  of  three  hours  the  colorimetric  readings 
were  exactly  the  same  as  when  the  solution  was  heated  in  the 
autoclave. 

Exp«rim«iitB  with  pare  crsatiiw. — Dr.  Folin  kindly  furnished  us 
with  a  small  amount  of  pure  creatine,  and  a  series  of  experiments 
was  made  with  a  solution  of  this  product.  Crystallized  creatine  con- 
tains one  molecule  of  water  of  crystallization,  and  the  relation  be- 
tween the  molecular  weights  of  crystallized  creatine  and  creatinine 
are  such  that  o.i;  gm.  of  crystallized  creatine  corresponds  to  0.3794 
gm.  of  creatinine.  A  solution  was  prepared  containing  500  mgm.  of 
crystallized  creatine  in  750  c.c.  of  distilled  water;  several  to  c.c,  por- 
tions of  this  solution  were  heated  each  with  10  c.c  of  normal  hydro- 
chloric acid  in  the  autoclave.  The  results  are  as  follows  : 
Fifteen  minutes.  —  At  the  end  of  fifteen  minutes  three  flasks  were  removed 
from  the  autoclave  and  tested  in  the  usual  manner. 

I.  The  10  c.c.  of  original  creatine  solution,  to  which  10  c.c.  of  acid 
had  been  added,  was  diluted  to  350  c.c,  after  15  c.c.  of  saturated  picric 
acid  solution  and  10  c.c.  of  a  10  per  cent  sodium  hydroxide  solution 
had  been  added,  and  the  color  allowed  to  develop  for  three  and  one-half 
minutes.  The  average  of  a  large  number  of  readings  with  the  colorimeter 
was  11.2  millimetres.  This  corresponds  to  0.3798  gm.  of  creatinine  in 
the  solution  instead  of  0.3794  gm. 

a.  The  10  c.c.  were  diluted  to  15°  '^*^>  ^^^  ^"^^  several  readings 
averaged  8.z  mm.,  corresponding  to  0.3704  gm.  of  creatinine. 
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3.  The  contents  of  this  flask  were  likewise  diluted  to  350  c.c,  and  the 
average  reading  was  8.1  mm.,  equivalent  to  0.3750  gram  of  creatinine. 

Thirty  minutes.  —  At  the  end  of  thirty  minutes  three  flasks  were  diluted  each 
to  350  CO.,  and  the  averages  of  the  numerous  readings  were  8.3,  8.3,  and 
8.2  mm.  on  the  three  flasks  respectively. 

One  hour.  —  The  three  flasks  were  diluted  to  250  c.c,  and  the  average  of  the 
readings  was  8.3  mm.  on  each  of  the  three  flasks. 

One  and  a  half /tours.  —  Two  flasks  were  removed  at  this  period  and  diluted 
to  250  c.c.    The  average  reading  on  both  flasks  was  8.2  mm. 

Two  hours.  —  The  three  flasks  removed  at  the  end  of  two  hours  were  like- 
wise diluted  10  c.c.  to  350  c.c,  and  the  average  reading  on  aU  three  flasks 
was  8.2  mn). 

No  color  reaction  was  obtained  before  heating  with  acid,  thus  indi- 
cating the  absence  of  creatinine. 

The  results  therefore  show  that  heating  fifteen  minutes  in  the  auto- 
clave at  117°  C.  resulted  in  as  complete  conversion  of  creatine  to 
creatinine  as  did  heating  under  the  same  conditions  for  two  hours. 

A  comparative  test  was  made  by  heating  the  creatine  solution  with 
acid  on  the  water  bath,  as  is  ordinarily  done  with  the  Folin  method  of 
determining  creatinine  in  urine.     The  results  are  as  follows : 
Thirty  minutes.  —  At  the  end  of  thirty  minutes  three  flasks  were  diluted  10  to 

250  c.c,  and  the  averages  of  the  readings  on  the  three  flasks  were  1 1.3, 

II  and  ti.o,  3  mm.  A  reading  of  11.2  mm.  corresponds  to  0.1713  gm.  of 

creatinine  instead  of  0.3794  required. 
One  hour.  —  Three  flasks  diluted  at  the  end  of  an  hour  from  10  to  350  c.c 

gave    an   average   for   the    three    flasks   of  8.8    mm.,  corresponding    to 

0.3452  gm.  of  creatinine. 
One  and  a  half  hours.  — The  three  flasks  removed  at  the  end  of  one  and  a 

half  hours  gave  average  readings  of  8.7,  8.7,  and  9.00  mm.  respectively. 
Two  hours.  — At  the  end  of  two  hours  the  averages  of  all  the  readings  on  the 

three  flasks  were  8.3,  8.3,  and  8.5  respectively. 
Three  hours.  —  The  three  flasks  gave  average  readings  of  84,  8.4,  and  8.5.  mm. 

respectively,  the  reading  8.4  corresponding  to  0.3616  gm.  creatinine. 

A  comparison  of  the  readings  obtained  when  heating  the  creatine 
solution  on  the  water  bath  with  those  obtained  when  the  solution  was 
heated  in  the  autoclave  shows  that  the  reaction  apparently  is  not  ab- 
solutely complete  at  the  end  of  three  hours  when  heated  in  the  water 
bath,  although  it  approaches  completeness  in  about  two  hours.  On 
the  other  hand,  it  is  complete  at  the  end  of  fifteen  minutes  when 
heated  in  the  autoclave. 
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No  explanation  is  at  present  apparent  as  to  why  the  conversion  of 
the  creatine  in  aqueous  solution  is  not  as  perfect  at  the  end  of  three 
hours  when  compared  with  the  liquid  heated  in  the  autoclave,  as  was 
the  conversion  of  the  creatine  in  the  beef  extract  solution,  which,  it 
will  be  reoiembcrcd,  was  completely  converted  by  heating  three  hours 
on  the  water  bath. 

It  is  conceivable  that  some  of  the  normal  urinary  constituents 
might  interfere  with  or  delay  the  conversion  of  creatine  to  creatinine, 
and  hence,  as  a  fina!  test  of  the  efficiency  of  this  method,  200  c.c.  of 
normal  urine  from  a  healthy  man  was  mixed  with  100  c.c,  of  the  crea- 
tine solution,  and  then  the  total  creatinine  determination  after  heating 
with  acid  in  the  autoclave  was  made. 

The  amount  of  preformed  creatinine  in  the  urine  was  first  deter- 
mined and  found  to  be  0.103  S"^-  ^^  amount  of  creatinine  that 
would  result  from  the  conversion  of  the  creatine  in  100  c.c  of  the 
creatine  solution  is  0.049  S*^-'  °^  ^  total  in  the  mixture  (300  c.c.)  of 
0.152  gm.  The  creatinine  in  the  mixture  before  heating  with  acid  was 
found  to  be  0.107  gm.,  as  against  0.103  found  in  the  undiluted  urine. 
After  conversion,  the  total  creatinine  in  the  mixture  was  found  to  be 
0.152  gm.,  or  the  sum  of  the  preformed  creatinine  plus  the  creatine 
added  in  the  solution. 

The  mixture  of  normal  urine  and  creatine  solution  was  tested  to 
note  the  rate  of  conversion  of  the  creatine  to  creatinine  when  heated 
in  the  autoclave.  Nine  flasks  were  placed  in  the  autoclave;  three 
were  removed  at  the  end  of  fifteen  minutes,  three  at  the  end  of  thirty 
minutes,  and  three  at  the  end  of  forty-five  minutes.  The  flasks  when 
diluted  10  C.C,  to  250  c.c.  all  gave  the  same  average  reading,  i.e., 
8.0  mm. 

It  is  thus  apparent  that  when  either  pure  creatine  solution,  dilute 
beef  extract  solution,  or  normal  urine  to  which  a  pure  creatine  solu- 
tion has  been  added,  is  heated  with  hydrochloric  acid  at  117°  C.  in 
the  autoclave,  there  is  a  complete  conversion  of  the  creatine  to  cre- 
atinine. Furthermore,  there  is  no  apparent  influence  of  the  normal 
urinary  constituents  on  the  degree  or  rate  of  this  conversion. 

The  tests  with  pure  creatine  solution  would  imply  that  the  method 
used  in  this  laboratory  is  correct,  and  that  the  values  for  creatine  and 
creatinine  reported  in  the  papers  on  the  Elimination  of  Creatinine  in 
Women'  and  the  Elimination  of  Creatine'  are  based  upon  standard 
solutions  which  yield  theoretical  results  with  pure  crystallized  creatine. 
>  Bbkedict  and  Myers;  This  journal,  1907,  xviii,  p.  377. 
*  Ibid.  p.  406. 
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Tbe  eoiiTaimion  of  or«atlit«  to  ore«tinliie  on  ■  largo  Boalo.  —  The  SUCCess 
attending  the  use  of  the  autoclave  for  the  conversion  of  small  quanti- 
ties of  creatine  to  creatinine  lead  to  a  series  of  experiments  to  convert 
larger  amounts  of  creatine  to  creatinine.  The  commercial  preparation 
of  extract  of  beef  contains  considerable  amounts  of  creatine,  and  ac- 
cordingly 22  gm.  of  extract  of  beef  were  dissolved  in  water,  27  c.c.  of 
concentrated  hydrochloric  acid  added,  and  the  whole  diluted  with 
water  to  130  c.c.  The  solution  was  then  heated  to  117°  C.  in  the 
autoclave  for  forty-five  minutes. 

A  determination  of  the  total  creatinine  showed  that  the  22  gm.  of 
the  extract  contained  i.i  gm.  of  total  creatinine,  a  portion  of  which 
had  been  present  in  the  extract  as  creatine. 

When  5  c.c.  portions  of  tbe  digested  solution  were  again  heated 
with  10  c.c.  of  normal  hydrochloric  acid  in  the  autoclave,  it  was  found 
that  there  was  no  further  increase  in  the  amount  of  creatinine,  and 
hence  that  all  the  creatine  had  been  converted,  A  preliminary  test 
had  shown  that  there  was  present  in  the  beef  extract  twice  as  much 
creatine  as  creatinine.'- 

Thus,  from  this  experiment  and  from  the  general  action  of  creatine 
with  hydrochloric  acid  in  the  autoclave,  it  would  appear  that  not  only 
are  the  small  quantities  of  creatine  converted  to  creatinine,  but  that  the 
method  is  applicahle  for  the  preparation  of  creatine  on  a  large  scale. 

Grindley  and  Woods  ^  have  found  that  when  meat  juice,  containing 
practically  no  creatinine,  is  allowed  to  stand  in  the  presence  of  picric 
acid  and  sodium  hydroxide,  a  red  color  develops  indicating  a  conver- 
sion of  creatine  to  creatinine.  This  experiment  was  tried  with  a 
solution  of  chemically  pure  creatine  and  the  same  phenomenon  ob- 
served, the  depth  of  the  color  at  the  end  of  a  week  indicating  that 
over  half  of  the  creatine  had  been  changed  to  creatinine. 

nie  oonTorBion  of  orcattnine  to  oiantlna-.  —  It  has  frequently  been  ob- 
served in  certain  samples  of  urine,  especially  when  the  reaction  was 
alkaline,  that  there  is  a  tendency  for  creatinine  to  become  converted 
to  creatine.  While  not  definitely  proven,  it  has  been  commonly  sup- 
posed that  this  action  is  due  to  bacteria,  and  hence  it  is  customary  to 
preserve  the  urine  by  the  addition  of  chloroform  or  by  the  use  of  a 
solution  of  thymol  in  chloroform,  i :  la 

The  procedure  that  has  thus  far  given  the  best  satisfaction  is  as 
follows : 

»    See  Grindley  and  Woods:  Journal  of  biological  chemistry,  1907,  ii,  p.  309. 
"  Ibid. 
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The  urine  should  be  placed  in  a  bottle  containing  5  c.c.  of  the  thy- 
mol solution  for  each  1000  c.c.  of  urine.  The  urine  should  be,  if  pos- 
sible, excreted  directly  into  the  bottle  with  the  preservative.  While 
the  chloroform  solution  of  thymol  retards  the  destruction  of  the  crea- 
tinine and  its  conversion  to  creatine,  it  nevertheless  happens  that  fre- 
quently even  with  this  preservative  there  may  be  a  loss  of  creatinine 
after  standing.  Hence  for  the  most  accurate  work  analyses  should  be 
made  as  soon  as  possible  after  the  urine  is  collected.  The  tendency 
for  creatinine  to  change  to  creatine,  and  the  tendency  for  both  mate- 
rials to  undergo  decomposition  are  well  shown  by  the  following  series 
of  experiments. 

The  urine  from  a  healthy  man  was  collected  for  six  hours,  and  the 
creatine  and  creatinine  determinations  made.  In  the  700  c.c.  of 
slightly  acid  urine  with  a  specific  gravity  of  t.015  there  was  found 
0.481  gm.  of  creatinine,  but  no  creatine  was  present.  Five  portions 
of  this  urine  were  treated  in  the  following  ways  : 

a.    80  c.c,  of  urine  +  3  c.c.  of  concentrated  hydrochloric  acid. 
h.    130  cc.  of  urine  +  3  c.c.  of  concentrated  hydrochloric  acid  +  s  cc-  of 
chloroform. 

c.  I30  c.c.  of  urine  +  5  c.c.  of  ammonium  hydroxide. 

d.  120  c.c.  of  urine  +  5  c.c.  of  chloroform. 

e.  No  preservative  was  added. 

The  samples  were  allowed  to  stand  in  the  laboratory  at  average 
room  temperature.  One  week  later,  creatinine  determinations  were 
again  made,  and  no  loss  of  creatinine  or  conversion  to  creatine  was 
noted.  In  the  urines  to  which  concentrated  hydrochloric  acid  had 
been  added  uric  acid  crystals  were  precipitated.  A  white  precipitate 
(phosphates)  was  found  in  the  urine  to  which  ammonium  hydroxide  had 
been  added.  The  urine  to  which  no  preservative  had  been  added  was 
fermented,  but  there  was  no  evidence  of  a  disintegration  of  the 
creatinine. 

Nine  weeks  later  determinations  were  again  made  with  the  follow- 
ing results: 

a.   Urine  +  hydrochloric  acid. 
Creatinine  0.43 1  gm.  90.4  per  cent  of  the  total. 

Creatine     0.050  gm.  9.6  "     " 

The  creatine  is  expressed  in  terms  of  creatinine,  and  it  is  thus  ap- 
parent that  at  the  end  of  this  time  about  10  per  cent  of  the  pre- 
formed creatinine  bad  been  converted  to  creatine.     The  sum  of  the 
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creatinine   and  creatine  showed  that  there  was  no  absolute  loss  of 
material. 

b.   Urine  +  hydrochloric  acid  +  chtoroform. 

Creatinine  0.446  gn.  93  per  cent 

Creatine        0.35  gm.  7     "     " 

Here,  again,  there  was  a  conversion  of  a  small  amount  of  the  creati- 
nine to  creatine,  although  the  total  quantity  of  creatinine  remained 
unchanged. 

c.    Urine  +  ammonium  hydroxide. 
Creatinine  0.383  gm.  80  per  cent. 

Creatine     0-035  8™-  7    "     " 

Lost  .     .  0.063  '3   "      " 

In  the  strongly  alkaline  urine,  therefore,  four  fifths  of  the  original 
amount  of  preformed  creatinine  was  found  in  the  urine.  7  per  cent 
of  the  original  amount  was  in  the  form  of  creatine,  and  13  percent 
was  lost 

d.   Urine  +  chloroform. 
Creatinine  0.41S  gm.  87  per  cent. 

Creatine     0.049  gm.  8    "      " 

Lost .     .     0.014  5    "      " 

The  urine  was  found  to  be  neutral  in  reaction. 

e.   No  preservative  added. 
Creatinine  0.077  £«'■  ^^  P^i*  ccnX. 

Creatine     0.017  8™-  4   "      " 

Lost      .     0.387  80   "      " 

The  urine  was  found  very  strongly  alkaline,  and  the  creatinine  was  in 
large  part  destroyed.  It  is  of  interest  that  but  a  small  amount  of 
creatine  was  found  in  the  solution.  A  Gram's  stain  of  the  bacteria  in 
tKe  urine  showed  many  varieties,  both  Gram  positive  and  Gram  nega- 
tive, cocci  and  bacilli.  In  a  banging  drop  preparation  many  forms  were 
still  found  to  be  motile.  A  number  of  very  large  retractile  cocci,  fre- 
quently in  chains,  were  also  noted.  In  the  stained  specimen  there 
were  many  large  Gram  cocci,  and  it  is  probable  that  these  were 
micrococci  ureae,  the  chief  agent  in  the  ammoniacal  fermentation  of 
the  urine  and  in  the  production  of  ammonium  carbonate  from  urea. 

Several  samples  of  urine  which  had  been  found  to  contain  preformed 
creatine  were  allowed  to  stand  for  several  weeks,  and  then  determina- 
tions of  creatine  and  creatinine  again  made. 
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Two  samples  from  Mrs.  M.  P.,  both  preserved  with  chloroform,  gave 
results  as  follows : 


Preformed  creatinine 

Nov.  *.  1906. 
.    0.424 

Feb.  *7,  1907. 
0.393 

"         creatine 
Total  creatinine  .    . 

■  0.15* 

■  0.576 

0.537=  0.039  gm.  !<«'■ 

Nov.  3,  1906. 
■     0.558 

Feb.  27,  1907. 
0-359 

"         crcatioe  . 
Total  creatinine  .     . 

■  0.783 

o.2fi4 

0.633  =  0.150  gm.  '*»*■ 

Three  specimens  of  urine  which  had  been  preserved  with  the 
thymol-chloroform  solution  gave  results  as  follows : 

Mr.  F,  R.  Dec  22, 1906.       Feb.  27, 1907. 

Preformed  creatinine    .     1.036  0.810 

"         creatine  .    .    0.170  0.396 

Total  creatinine  .    .     .     1.206  1.106 

Preserved  with  thymol-chloroform. 

Mrs.  M.  P.  Dec.  27, 1906.         Feb.  27,  1907. 

Preformed  creatinine    .     0.441  0.302 

"         creatine  .     .    0.088  0.337 

Total  creatinine  .     .    .     0.539  0.529 

Preserved  with  thyn)ol<hloTOfom]. 

Mrs.  McI. 

Total  creatinine  Dec  20,  1906  =  1.006 

"  "  Feb.  27,  1907  =  0.901 

Creatinine  lost =  0.105 

Chloroform  is  unsatisfactory  as  a  preservative,  and  even  the  use  of 
thymol -chloroform  does  not  insure  the  absence  of  the  conversion  of 
creatinine  to  creatine,  or  indeed  the  loss  of  creatinine,  although  all 
the  samples  of  urine  constantly  gave  an  acid  reaction. 

But  little  regularity  can  be  observed  in  the  properties  of  creatine 
and  creatinine  in  human  urine.  In  general  the  conversion  of  creati- 
nine to  creatine  seems  to  be  due  to  chemical  action,  or  possibly  to  the 
action  of  enzymes  in  the  urine.  When  a  urine  is  allowed  to  stand, 
alkaline  fermentation  takes  place,  and  the  creatinine  sooner  or  later 
almost  completely  disappears.  Furthermore  the  evidence  from  alka- 
line urines  is  not  conclusive  to  show  that  creatine  is  an  intermediate 
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""    product.     The  conversion  of  creatinine  to  creatine  even  in  the  pres- 

.       ence  of  chloroform  and  thymol  shows  that  this  conversion  ts  not  a 

,'  .  hacteriological  process.     It  is  obvious  that  much  expecimenting  must 

be  carried  out  before  the  problem  is  wholly  clarified.      In  general   it 

~  would  appear  that  there  is  more  likely  to  be  a  complete  loss  of  creati- 
nine in  a  urine  that  is  alkaline.   Whatever  the  cause  of  the  conversion 

■_-,  of  creatinine  to  creatine,  in  any  determination  of  either  of  these  com- 
pounds, a  factor  which  must  never  be  left  out  of  consideration  is  that 

I.     of  the  influence  of  bacteria.      Consequently  emphasis  cannot  be  too 

^.  strongly  laid  upon  the  importance  of  making  determinations  of  crea- 
tine and  creatinine  in    urine  as  soon  as  possible  after  it  has  been 

:?     voided.      A  preservative  may  delay  action,  but  accuracy  demands 

!      immediate  analysis. 
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THE  EUMINATION  OF  CREATINE.' 

By  FRANCIS   GANO   BENEDICT  and  VICTOR  CARYL  MYERS. 
[Pran  lit  ChemUat  Lab^altiry  ef  Wesltyan  Univtrtity^ 

XTT'ITH  the  appearance  of  the  colorimetric  method  for  determining 

*  *  creatinine  described  by  Folin  '  the  investigation  of  the  relation 
of  creatinine  to  metabolism  has  received  a  great  impetus. 

This  method  not  only  permits  the  determination  of  creatinine,  but 
since,  as  Folin  has  shown,  the  small  quantities  of  preformed  creatine 
existing  in  the  urine  may  readily  be  wholly  converted  to  creati- 
nine by  heating  with  hydrochloric  acid  on  a  water  bath  for  three 
hours,  the  method  may  also  be  employed  for  determining  the  creatine. 
Thus  one  sample  of  urine  is  examined  directly  for  the  quantitative 
amount  of  preformed  creatinine.  A  second  sample  is  heated  with 
acid,  the  creatinine  converted  to  creatine,  and  then  the  total  creati- 
nine determined.  The  difference  is  obviously  the  amount  of  creatine 
measured  in  terms  of  creatinine,  of  which  i  mgm.  corresponds  to  1.16 
mgm.  of  creatine. 

In  his  original  discussion  of  the  subject  Folin  pointed  out  that  tn 
normal  urine  there  was  frequently  no  creatine,  although  occasionally 
measurable  amounts  may  be  found.  Of  the  several  10  c.c.  samples  of 
urine  that  he  analyzed,  one  contained  5.3  mgm.  of  creatinine  and  99 
mgm.  of  creatine,  another  2a25.mgm.  of  creatinine  and  1,1  mgm.  of 
creatine,  and  another  17.4  mgm.  of  creatinine  and  0.7  mgm.  of  crea- 
tine. Usually  the  quantity  of  preformed  creatine  in  the  urine  has 
been  neglected  by  observers  when  using  the  Folin  method. 

In  connection  with  the  fasting  experiments  made  in  this  labora- 
tory* it  was  found  that  during  inanition  considerable  quantities  of 

^  This  research  was  carried  out  with  the  aid  of  a  grant  from  the  Carnegie 
InstitutioQ  of  Washington.  The  analyses  were  made  in  the  Laboratory  of  the 
Conoecticut  Hospital  for  the   Insane. 

*  Folin:  Zeitschrift  fiir  physiologische  Chemie,  1904,  xli,  p.  223. 

•  Benedict:  Carnegie  Institution  of  Washington,  tgo?,  Publication  No.  77. 
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preformed  creatine  appeared  in  the  urine.  This  preformed  creatine 
was  explained  on  the  assumption  that  during  fasting  there  was  a 
material  amount  o!  "  flesh  "  katabolised,  and  in  the  kataboHsm  of  the 
flesh  the  creatine  which  had  formerly  been  held  in  the  flesh  was 
liberated  and  excreted  as  such  in  the  urine.  In  the  fasting  experi- 
ment with  the  fasting  woman  reported  hy  Benedict  and  Diefendorf,^ 
an  excretion  of  creatine  was  likewise  observed. 

Shaffer  in  a  private  communication  has  stated  that  he  has  observed 
the  excretion  of  preformed  creatine  in  a  number  of  pathological  cases. 

Folin  in  a  private  communication  also  reports  creatine  in  the  urine 
of  a  fasting  man. 

In  connection  with  an  extended  study  of  the  creatinine  elimination 
in  women,^  considerable  amounts  of  creatine  were  occasionally  ob- 
served in  the  urine.  It  is  the  purpose  of  this  article  to  report  the 
cases  in  which  the  excretion  of  preformed  creatine  occurred.  In  addi- 
tion to  the  experiments  with  women  several  were  made  with   men, 

MathodB.  —  The  analytical  methods  employed  in  this  study  were 
those  used  in  the  preceding  paper.  Pressure  of  other  work  prevented 
the  complete  analyses  of  the  urine,  including  the  partition  of  the 
nitrogen  so  successfully  carried  out  by  Folin. 

Experiments. 

The  experiments  included  the  study  of  twenty-four-hour  quantity  of 
urinefromanumberof  women  subsistingon  a  creatine-free  and  creat- 
inine-free  diet.  In  general  the  urine  for  three  consecutive  days  was 
examined.  The  studies  were  further  supplemented  by  an  examination 
of  the  urine  of  several  patients  in  which  considerable  amounts  of 
preformed  creatine  were  found.  Unfortunately  the  mental  or  physical 
states  of  these  patients  in  many  instances  precluded  the  accurate 
collection  of  the  twenty-four-hour  urine,^ 

Unless  otherwise  specified,  the  diets  used  were  creatine-free  and 
creatinine-free.  The  subjects  were  always  on  the  diet  for  one  day 
prior  to  taking  the  first  sample. 

•  Benedict  and  Diependorf  :  This  journal,  p.  362. 

*  Benedict  and  Myers  :  This  journal,  p.  377. 

■  The  subjects  of  these  experiments  were  patients  of  Drs.  W.  E.  Fisher,  A.  B, 
CoLEBURN,  J.  H.  Morrison,  and  A.  C.  Thomas,  of  the  Connecticut  Hospital  for 
the  Insane  at  Middletown,  Connecticut.  We  are  under  obiigatioDS  to  these  gentle- 
meft  for  their  kind  co-operation  in  the  investigation. 
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1.  Mrs.  D.  H.*  —  Eighty-five  years  old.    Weight,  39  kilos ;  height,  i  .65  metres. 

Very  inactive,  in  bed.     Exclusive  milk  diet. 
This  patient  excreted  £4,  531  65,  96,  77,  and  40  mgm.  of  creatine  on 

six  consecutive  days.     The  average  daily  creatinine  excretion  was  292 

mgm. 
3.  Hn.M.N.> — Ninety-two  years  old.   Weight,  63  kilos ;  height,  1.50  metres. 

Partially  paralyzed,  in  bed  most  of  the  time.    This  patient  excreted  67, 

S3,  57,  139,  and  64  mgm.  of  creatine  on  five  consecutive  days.     The 

average  daily  creatinine  excretion  was  464  mgtn. 

3.  Mtu  R.*  —  Twenty-five  years  old.    Weight,  52  kilos  \  height,  1.65  metres. 

Convalescing  from  typhoid  fever  j  muscularly  inactive.  Trace  of  albumen 
in  the  urine. 

This  subject  excreted  80,  66,  and  82  mgm.  of  creatine  on  three  suc- 
cessive days.     The  average  daily  creatinine  excretion  was  598  mgm. 

4.  Mn,  M.  P.*  —  Fii^y-nine  years  old.    Weight,  40  kilos  ;  height,  1. 16  metres. 

Poorly  nourished ;  much  agitated. 

This  subject  in  one  experiment  excreted  176,  261,  and  88  mgm.  of 
creatine  on  three  successive  days.  The  average  daily  creatinine  excretion 
was  473  mgm. 

In  a  later  experiment  the  creatine  excretion  was  133,  132,  188,  and  3i 
mgm.  on  four  days.  During  this  second  experiment  the  average  daily 
preformed  creatinine  excretion  was  473  mgm.  Owing  to  the  excited 
state  of  the  patient  during  the  second  experiment,  the  urine  was  not  col- 
lected on  consecutive  days. 
9.  Htb.  8.  O.'  —  Fi fly-seven  years  old.  Weight,  59  kilos ;  height,  1.68  metres. 
Rather  poorly  nourished  and  very  much  agitated. 

In  a  three-day  experiment  this  subject  excreted  126,  68,  and  50  mgm. 
of  creatine  on  three  consecutive  days.  The  average  daily  creatinine  ex- 
cretion was  676  mgm. 

6.  Mra.  H.  117.'  —  Forty-five  years  old.    Weight,  48  kilos ;  height,  1.5  metres. 

Very  much  agitated.  On  the  three  days  of  this  experiment  the  creatine 
excretion  amounted  to  220, 167,  and  116  mgm.  The  average  daily  creati- 
nine excretion  was  476  mgm. 

7.  Biro.  H.  9.    Psychosis  ;  Dementis  Pracox,  Catatonic  Form.  — Thirty  years 

old.  Weight,  42  kilos;  height,  1.82  metres.  During  the  first  obser- 
vation patient  was  in  an'almost  complete  catatonic  stup>or.    Very  much 

1  See  Case  I.,  this  journal,  p.  381.  *  See  Case  XXIV.,  ibid. 

»  See  Case  XVI.,  ibid.  «  See  Case  XXV.,  ibid. 

'  See  Case  XXIII.,  ibid.  '  See  Case  XXVI.,  ibid. 
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ander  nourished ;  activity  practically  nil.    Clinical  findings  in  urine  are 

reported  in  the  Ubie. 

1906                       Dec  8.  Decg.  Dee.  lo. 

Volume 365  C.C.  400  c.c  470  c.c. 

Specific  gravity     .     •    1.015  i.oao  i.oio 

ReactioD     ....    alkaline  acid  alkaline 

Sugar trace  faint  trace  none 

Albumen      ....    trace  trace  about  1  per  cent. 

Preformed  creatinine     0.07a  gm.  0.339  8™-  0.029  8™- 

Creatine 0.088  gra.  0.118  gm.  0.019  8™- 

Of  especial  significance  is  the  fact  that  in  the  alkaline  urines  there  are 

but  small  amounts  of  both  creatinine  and  creatine,  while  on  the  day  when 

.     the  urine  was  acid  both  constituents  are  present  in  considerable  amounts. 

In  the  second  experiment  the  body  weight  was  49  kilos. 

1907.  Feb.  8.                         Feb.  9    -  Feb.10. 

Volume 220  c.c.                  315  c.c                    320  c.c 

Specific  gravity    .     .     .  1.032  1.033  t-^So 

Sugar faint  trace  none  none 

Preformed  creatinine    .  0.330  gm.  0.607  8™-  0.400  gm. 

Creatine 0.122  gm.  0.065  8™-  0.073  S""- 

In  this  second  period  the  urine  wag  filled  with  amorphous  urates  and 
peculiar  needle-like  uric  acid  crystals.     No  albumen  was  found. 
B.   MlH  A.  Mol.      Psychosis  ;    Demmtia  Prtecox,  Catatonic  Form.  —  Eigh- 
teen years  old.    Weight,  44  kilos;  height,  1.58  metres.    Well  nourished, 
but  very  inactive. 

On  the  three  days  of  this  experiment  the  subject  excreted  153,  77,  and 
15s  mgm.  of  creatine.  The  average  creatinine  excretion  for  the  three 
days  was  689  mgm. 

9,  Mr.  F.  R.      Psychosis;    Dementia   Paralytica. — Nineteen  years  old(I). 

Weight,  61  kilos;  height,  1.64  metres. 

The  creatine  excretion  for  three  days  was  no,  197,  and  80  mgm. 
respectively.    The  average  daily  creatinine  elimination  was  947  mgm. 

10.  Mr.  H.  O.  M.  Psychosis  ;  Dementia  Prcecox,  Catatonic  Form.  —  Twenty- 
six  years  old.  Weight,  z8.6  kilos  (!) ;  height,  1.79  metres.  On  admis- 
sion to  the  hospital  (January,  1905),  his  weight  was  51  kilos.  The  patient 
died  on  the  third  day  of  the  experiment,  apparently  from  inanition. 
Though  he  had  been  suffering  from  pulmonary  tuberculosis,  the  disease 
was  not  sufficiently  advanced  to  have  been  the  sole  cause  of  death. 

From  the  height  and  body  weight  it  is  apparent  that  the  patient 
iwas  greatly  emaciated.      At  the  time  of  entering  the  hospital  and  at 
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death  the  patient  was  suffering  from  chronic  nephritis.  At  the  au- 
topsy chronic  passive  congestion  was  found  in  the  kidneys,  and  at 
that  time  a  specimen  of  urine  was  drawn  from  the  bladder.  All  the 
samples  of  urine  were  acid.     Segal's  test  for  acetone  was  negative. 

On  the  first  day  of  the  experiment  150  cc.  of  urine  were  collected, 
and  it  was  estimated  that  this  was  one  fourth  of  the  total  for  the  day. 
The  excretion  of  creatine  for  the  day  was  376  mgm.  The  creatinine 
excretion  was  324  mgm. 

On  the  second  day  there  were  415  cc.  (one  half  the  twenty-four- 
hour  quantity)  collected.  The  creatine  for  the  day  was  469  mgm., 
and  the  creatinine  excretion  amounted  to  369  mgm. 

On  the  third  day  90  cc.  of  urine  was  removed  from  the  bladder  at 
the  autopsy.  In  this  amount  there  was  found  61  mgm.  of  creatine 
and  51  mgm.  of  creatinine. 

The  striking  feature  of  this  case  is  the  enormous  relative  amount 
of  creatine  eliminated.  It  was  not  possible  to  obtain  the  total  twenty* 
four-hour  quantities,  but  he  was  under  the  charge  of  a  nurse  of 
long  experience,  and  the  total  quantities  were  probably  quite  closely 
estimated. 

11.  MUfl  K.  O'C.      Psychosis;    Dementia    Pracox,    Catatome   Form. — Sx- 

teen  yean  old.  Weight,  43  kilos  ;  height,  1.55  metres.  Patient  was  in  an 
almost  complete  catatonic  stupor,  and  so  filthy  that  it  was  entirely  impos- 
sible to  save  the  twenty-four-hour  quantities.  In  consequence  of  her 
condition  patient  was  very  inactive.  She  declined  food,  and  had  to  be 
tube-fed  a  portion  of  the  time,  in  consequence  of  which  she  was  poorly 
nourished.  One  day  155  cc.  of  urine,  specific  gravity  i.oaS,  were  col- 
lected. In  this  specimen  80  mgm.  of  creatine  and  330  mgm.  of  creatinine 
were  found. 

12.  HUbB.  D.  Psychosis;  Toxic  Delirium.  —  Thirty-six  years  oW.  Weight, 
49  kilos;  height,  1.65  metres.  The  patient  was  poorly  nourished,  and 
spent  a  considerable  portion  of  the  time  in  bed.  On  account  of  her 
poor  physical  condition,  she  was  allowed  a  small  quantity  of  beefsteak 
for  dinner  on  the  four  different  days  she  was  on  diet.  At  noon  on  the 
day  before  the  experiment  she  also  had  a  small  amount  of  chicken. 
Nothing  pathological  was  found  in  the  clinical  examination  of  the  urine. 

1907.  Feb.  16. 

Volume 636  cc. 

Specific  gravity    .     ,     .  1.025 

Preformed  creatinine    .  0.696  gm. 

Creatine o.i54gm. 


Feb.  17. 

Feb.  18. 

69s  cc. 

420  cc 

i.oa8 

0.711  gm. 

0.671  gm. 

3.133  gm. 

0.139  g™- 
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13.  Mr.  O.  M.  Psychosis  ;  Dementia  Prtscox,  Paranoid  Form,  Sd  Group.  — 
Fifty-seven  years  old.  Weight,  50  kilos;  height,  1.63  metres.  Consid- 
erable amounts  of  albumen  and  a  few  granular  casts  were  found  in  the 
urine  of  each  day.  On  the  three  days  of  the  experiment  there  were  found 
155,  97,  and  1 14  ragm.  of  creatine  respectively.  The  average  daily  amount 
of  creatinine  was  559  mgm. 

14.  Mr.  M.  L.  Psychosis  ;  Alcoholic  Delusional  Insanity.  —  Forty-six  years 
old.  Weight,  S3  kilos  ;  height,  1.75  metres.  On  all  three  days  the  urine 
contained  a  considerable  amount  of  albumen  and  many  granular  casts. 

On  the  three  days  of  the  experiment  the  patient  excreted  155.9,  '■^^ 
85  mgm.  of  creatine  respectively.  The  average  daily  amount  of  creati- 
nine was  697  mgm. 

15.  Ur.  M.  S.  Psychosis;  A  Icoholie  Delusional  Insanity.  —  Sixty-nine  years 
old.  Weight,  58  kilos ;  height,  1.65  metres.  The  urine  contained  a  faint 
trace  of  albumen  and  a  few  hyaline  casts. 

On  the  three  days  of  the  experiment  there  were  excreted  loa,  116, 
and  123  mgm.  of  creatine  respectively.  The  average  daily  amount  of 
creatinine  was  827  mgm. 

In  re^rd  to  the  last  three  cases  it  may  be  said  in  general  that 
they  were  all  suffering  from  phthisis  and  also  from  chronic  nephritis  to 
a  greater  or  less  extent.  During  the  past  two  years  the  body  weights 
of  these  three  patients  had  fluctuated  within  5  or  6  kilos,  but  they  bad 
not  lost  flesh  to  any  considerable  extent.  Their  diet  previous  to  and 
during  the  experiment  consisted  of  eggs,  toast,  milk,  and  bread  and 
butter.     They  were  all  poorly  nourished  and  very  inactive. 

It  should  be  stated  that  three  other  phthisis  patients,  also  suffering 
from  chronic  nephritis,  who  were  living  under  exactly  the  same  con- 
ditions, were  experimented  upon,  and  practically  no  creatine  found  in 
their  urines. 

The  absolute  amount  of  creatine  found  in  the  majority  of  these 
cases  is  not  large,  the  largest  amount  being  469  mgm.  on  the 
second  day  of  the  experiment  with  Mr.  H.  G.  M.  The  important 
points  developed  in  this  study  are  (i)  that  creatine  in  the  urine  is  in 
all  probability  independent  of  the  creatinine,  and  (2)  that  while  creati- 
nine is  a  normal  constituent  of  the  urine  the  experiments  on  fasting 
individuals  and  the  pathological  cases  here  reported  indicate  that  the 
presence  of  creatine  in  the  urine  is  pathological. 

As  yet  too  little  experimental  evidence  is  at  hand  to  show  clearly 
the  relation  between  the  creatine  output  and  dtsease.but  such  infor- 
mation as  is  now  available  would  imply  that  creatine  is  excreted  tn 
wasting  diseases  where  flesh  is  broken  down.     Indeed  an   hy[>othesis 
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suggested  by  one  of  us^  considers  that  the  creatine  excretion  is  an 
index  of  the  flesh  katabolizcd  during  fasting. 

If  creatine  is  an  index  of  a  disintegration  of  muscular  and  glandular 
tissue,  the  clinical  significance  would  certainly  warrant  estimations  of 
the  preformed  creatine  elimination  in  many  pathological  cases,  and  it 
is  not  beyond  the  bounds  of  reasonable  speculation  to  conceive  of  the 
creatine  determination  as  of  a  distinct  diagnostic  value. 

It  is  furthermore  of  interest  to  note  that  Cases  4,  5,  and  6,  all  of 
which  showed  relatively  large  amounts  of  preformed  creatine  in  the 
urine,  were  at  the  time  of  the  experiment  very  much  agitated.* 

'  Benedict:  Carnegie  lostitutioa  of  Washington,  Publication  No.  77,  1907. 
*  Maxwell  has  recently  found  that  creatine  acta  as  a  btain  stimulant.    Jour- 
nal of  biological  chemistry,  1907,  iii,  p.  25. 
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CONCERNING  THE  EFFECT  OF  CHANGES  OF  BLOOD 
PRESSURE  PRODUCED  BY  TEMPORARY  OCCLUSION 
OF  THE  AORTA    UPON    RESPIRATORY  ACTIVITY. 

By  J.  A.  E.  EYSTER,  C  R-  AUSTRIAN,  and  C.  R.  KINGSLEY. 
[Jiytn  lie  Pkysiohgiial  LiAtratsry  ef  the  jfohni  Hepkini  Univirsity.\ 

THE  effect  of  sudden  increase  and  decrease  of  the  blood  pres- 
sure upon  respiratory  activity  has  been  recently  investigated 
by  Guthrie  and  Pike,*  The  literature  is  given  in  the  paper  by 
these  authors  and  will  not  be  repeated  here.  As  a  result  of  their 
experiments,  these  observers  conclude  that  an  increase  in  blood 
pressure,  produced  by  temporary  occlusion  of  the  thoracic  or  abdominal 
aorta  in  cats  and  dogs,  is  accompanied  by  an  increased  rate  of  res- 
pirations together  with  diminished  amplitude.  A  fall  of  pressure, 
produced  by  release  of  such  occlusion,  is  accompanied  by  decreased 
rate  and  increased  amplitude.  Their  experiments  led  them  to  no 
conclusion  as  to  how  the  increased  blood  pressure  effects  the  result 
described.  They  offer,  however,  two  suggestions,  —  one  proposed  by 
Hill,  that  the  increase  may  act  directly  upon  the  centre,  or  the  other, 
that  the  increased  blood  pressure  may  lead  to  increased  metabolism 
accompanied  by  a  greater  carbon  dioxide  output  with  consequent 
increase  of  the  respiratory  rate. 

In  a  previous  paper'  one  of  the  present  authors  has  shown  that  a 
certain  amount  of  blood  supply  to  the  respiratory  centre  is  necessary 
for  its  activity.  The  necessary  amount  of  blood  is  apparently  very 
small,  and  increased  respiratory  activity  accompanies  as  a  rule  a 
reduction  of  the  blood  supply  to  the  respiratory  centre  until  this 
limit  is  reached.  Subsequent  (unpublished)  experiments  by  the  same 
author,  in  which  the  blood  pressure  in  the  Circle  of  Willis  was 
recorded  from  the  peripheral  end  of  one  internal  carotid  artery  at  a 

'  Guthrie,  C.  C,  and  Pike,  F.  H.  :  This  journal,  1906.  xvi,  p.  475. 
'  Eyster,  J.  A,  E. ;  Journal  of  experimental  medicine,  igo6,  viii,  p.  565. 
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time  when  the  cerebral  arteries  were  Itgated,  have  brought  out  more 
clearly  this  result.  Following  the  ligation  of  each  cerebral  artery 
there  is  a  fall  of  pressure  in  the  Circle  of  Willis,  and  following  the 
ligation  of  several  arteries  (in  dogs,  usually  two  carotids  and  one  or  both 
vertebrals)  there  is  an  increase  in  respiratory  activity.  If  the  cerebral 
anzemia  is  now  carried  further  (in  dogs,  for  example,  by  the  ligation  of 
the  subclavians,  cervical  and  spinal  anastomoses),  respirations  cease 
quite  suddenly,  and  this  efTect  is  associated  with  an  extremely  tow 
pressure  (5  to  10  mm.  of  mercury)  in  the  Circle  of  Willis.  In  experi- 
ments in  which  the  cerebral  anaemia  was  produced  by  increase  of 
intracranial  tension  to  a  point  greater  than  blood  pressure,  similar 
phenomena  were  observed.  In  these  experiments  there  were  numer- 
ous examples  of  a  sudden  increase  of  blood  supply  to  a  partially 
anaemic  centre,  in  which  however  the  amount  of  blood  had  not  been 
reduced  to  the  low  point  at  which  cessation  of  respiratory  activity 
occurs,  with  the  result  that  there  was  a  marked  decrease  of  respira- 
tion or  even  a  complete  apnocaof  short  duration.  The  interpretation 
of  this  decrease  of  respiration  under  such  conditions  was  the  sudden 
reduction  of  the  respiratory  stimulus  by  an  increase  of  the  blood 
supply  to  the  centre,  the  increased  amount  of  blood  allowing  an 
increased  diffusion  and  hence  a  lessened  accumulation  of  carbon 
dioxide  in  the  cells  of  the  centre. 

The  accumulation  of  carbon  dioxide  in  the  cells  of  the  respiratory 
centre  according  to  prevalent  theories  determines  its  activity.  The 
amount  of  carbon  dioxide  discharged  from  the  cells  depends  upon  the 
relative  tension  of  this  gas  in  the  cells  and  the  surrounding  blood,  as 
well  as  upon  the  amount  of  blood  present.  A  small  amount  of  blood 
with  a  carbon  dioxide  tension  lower  than  that  of  the  cells  of  the 
centre  would  have  its  tension  more  rapidly  raised  than  would  a  larger 
amount  of  blood  under  the  same  conditions.  In  other  words,  the 
stimulus  to  the  respiratory  centre  depends  not  only  upon  the  tension 
of  the  carbon  dioxide  in  the  blood  supply,  but  also  upon  the  amount 
of  blood  flowing  through  the  centre.  A  decrease  in  blood  supply,  the 
other  factor  remaining  constant,  should  result  therefore  in  an  increase 
of  the  stimulus,  an  increase  in  the  blood  supply  to  a  decrease  of  the 
stimulus. 

From  the  above  considerations,  and  in  view  of  the  importance  of 
the  conclusions  of  Guthrie  and  Pike,  if  confirmed,  the  present  series 
of  experiments  were  undertaken. 
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Methods. 

tThe  animals  used  were  dogs  and  cats.  Sudden  rises  and  falls  of 
blood  pressure  were  produced  by  temporary  occlusion  of  the  thoracic 
aorta.  This  occlusion'  was  obtained  by  several  methods.  In  our 
early  experiments,  a  medium-sized  curved  aneurism  needle  was  passed 
into  the  left  side  of  the  thorax  between  the  eighth  and  ninth  ribs 
close  to  the  vertebral  column,  and  the  aorta  compressed  against  the 
vertebrEe  by  traction  upon  this  needle.  Later  the  method  employed 
by  Guthrie  and  Pike  was  used,  A  ligature  was  passed  around  the 
aorta  and  vertebral  column  by  means  of  a  large  aneurism  needle,  the 
ligature  entering  and  leaving  close  to  the  vertebra  upon  each  side. 
Traction  upon  this  ligature  occluded  the  aorta  by  drawing  it  tightly 
against  the  vertebral  column.  Finally,  in  animals  with  partially 
open  thorax,  breathing  by  means  of  the  apparatus  of  slight  positive 
intra-pulmonary  pressure  devised  by  Brauer,^  the  first  part  of  the  de- 
scending thoracic  aorta  was  occluded  by  direct  temporary  clamping. 

The  animals  were  anaesthetized,  and  in  certain  of  the  experiments 
with  dogs,  morphia  had  been  given  previously.  The  respiratory 
exchange  was  measured  in  some  experiments.  The  blood  pressure 
was  recorded  from  the  central  end  of  one  common  carotid  artery. 
Respiratory  tracings  were  obtained  by  a  tube  connecting  the  ether 
bottle  with  the  recording  tambour,  by  a  similar  connection  between 
the  recording  tambour  and  the  outflow  of  the  gasometer,  or  by  a 
transmitting  tambour  on  the  thorax  of  the  animal.  Careful  autopsies 
to  verify  the  position  of  the  ligatures  were  performed  at  the  conclu- 
sion of  all  experiments  in  which  these  were  employed. 

Experimental  Results. 

In  our  early  experiments,  in  which  a  rise  of  blood  pressure  was 
produced  by  occlusion  of  the  aorta  by  means  of  a  curved  aneurism 
needle  introduced  into  the  thorax,  the  results  obtained  were  exactly 
opposite  to  those  of  Guthrie  and  Pike.  The  rise  of  blood  pressure  so 
obtained  was  always  associated  with  decreased  respiratory  activity, 
either  a  decrease  in  both  rate  and  depth  or  decrease  in  depth  with  un- 
changed rate.  Measurement  of  the  respiratory  exchange  in  these 
cases  showed  a  marked  diminution  accompanying  the  rise  in  blood 

>  Brauer:  Mittheilungen  aus  den  Grenzgebeiten  der  Medizin  und  Chirurgie, 
1904,  xiti.  Art.  xviii. 
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pressure.  This  was  true  for  bolh  dogs  and  cats.  The  method  of 
occlusion  by  means  of  a  ligature  as  employed  by  Guthrie  and  Pike 
was  now  tried,  and  the  results  described  by  them  were  obtained  in 
certain  cases  ;  in  others  our  previous  results  were  repeated.  In  a 
number  of  experiments  several  ligatures  were  passed  around  the 
vertebral  column  and  aorta  in  the  same  animal,  and  others  were 
passed  similarly  but  not  including  the  aorta.  Occlusion  of  the  aorta 
by  traction  upon  certain  of  these  ligatures  caused  an  increase  in 
respiration ;  in  others  a  marked  decrease  was  observed.  Moreover, 
in  direct  contradiction  to  the  statement  of  Guthrie  and  Pike,  a  liga- 
ture passed  around  the  vertebral  column  in  the  usual  region  but 
not  including  the  aorta  may  cause  upon  traction  marked  changes  in 
respiratory  activity.  There  may  result  from  tightening  such  a  liga- 
ture an  increased  rate  of  respiration  with  decrease  in  depth  (Fig,  i), 
an  increased  depth  with  constant  (see  the  table),  or  decreased  rate,  or 
a  decrease  in  rate  or  depth,  or  both.  Autopsy  upon  those  animals  in 
which  several  ligatures  were  employed,  showed  that  it  was  those 
ligatures  which  entered  and  left  very  close  to  the  vertebral  column 
which  caused  an  increase  of  respiration  upon  traction.  On  the  other 
hand,  those  entering  and  leaving  further  out  caused  quite  constantly 
a  decrease  in  respiration  associated  with  the  rise  of  blood  pressure. 

In  the  case  of  those  ligatures  not  including  the  aorta  and  which  gave 
upon  traction  increase  or  decrease  of  respiration,  slight  changes  of 
blood  pressure  were  present.  The  similarity  of  such  records  to  the 
tracings  obtained  from  stimulation  of  the  central  end  of  a  sensory 
nerve  was  very  suggestive.^     Fig.  i  shows  the  effect  of  traction  upon 

>  Stimulation  of  the  central  end  of  a  sensory  nerve,  as,  for  example,  the  saphe- 
nous, may  affect  respiration  aud  blood  pressure  in  various  ways,  depending  upon 
the  depth  of  anxsthesia  and  the  condiciou  of  the  animal.  The  blood  pressure  may 
shoTT  a  rise  or  a  fall.  The  respirations  may  be  variously  affected,  —  the  rate  increased 
with  decreased  depth,  bolh  depth  and  rate  increased,  increased  depth  with  normal 
rate,  decreased  depth  with  normal  rate,  or  both  depth  and  rate  decreased.  A  de- 
crease in  respiration  is  usually  associated  with  a  fall  of  blood  pressure  in  such 
stimulation,  an  increase  with  a  rise.  The  former  is  more  common  late  in  an  ex- 
periment and  under  deep  anjesthesia.  These  different  effects  upon  respiration 
and  blood  pressure  have  all  been  obtained  by  ligatures  passed  around  the  vertebral 
column  in  the  usual  position  but  not  including  the  aorta.  There  has  been  noted, 
moreover,  a  striking  correspondence  between  the  eSects  of  stimulation  of  the 
saphenous,  on  one  hand,  and  tightening  such  a  ligature  on  the  other,  at  any  par- 
ticular time.  When  tightening  of  a  ligature  caused,  for  example,  a  decrease  in 
respiration  with  a  fall  of  blood  pressure,  stimulation  of  the  saphenous  caused  a 
similar  result.     An  example  of  this  is  given  in  Fig.  z. 
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a  ligature  passed  around  the  vertebral  column  but  not  including  the 
aorta.  There  is  a  slight  rise  of  blood  pressure  and  marked  increase 
of  respiratory  rate  with  decreased  depth.     The  respiratory  exchange 
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Figure  1.  —  Increase  of  respiratory  rate  with  decrease  in  depth  from  traction  apon  a 
ligature  passed  aroDnd  vertebral  column  but  not  including  aorta.  Uppennost  line 
respirations  (ap-stroke  inspiration),  middle  line  time  in  one-second  intervals,  lowest 
line  blood  pressure  from  carotid.  The  zero  line  for  blood  pressure  is  not  shown. 
Blood  pressure  before  occlusion,  84  mm.  of  mercury ;  during  occlusion,  88  mm.  This 
and  all  following  tracings  are  to  be  read  from  left  to  right. 

was  measured  in  this  case,  and  it  wa?  found  that  there  was  an  increase 
during  the  traction  of  the  ligature.  The  first  slowing  of  the  respira- 
tions with  slight  fall  of  blood  pressure  in  Fig.  2  followed  the  tighten- 
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Figure  2.  —  The  first  slowing  of  respirations  in  (his  figure  is  the  result  of  tightening  a 
ligature  passed  around  the  vertebral  column  but  not  including  the  aorta.  The  second 
slowing  is  due  to  stimulation  of  the  central  end  of  one  saphenous  nerve.  Curves  as 
in  last  figure.    Blood  pressure  before  occlusion,  122  mm. 

ing  of  a  similar  ligature  toward  the  etid  of  another  experiment.  The 
second  slowing  and  fall  of  blood  pressure  in  the  same  tracing  is  due 
to  the  stimulation  of  the  central  end  of  the  cut  saphenous  nerve. 
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Experiments  were  now  performed  in  which  the  condition  of  an- 
aesthesia was  varied  and  the  depth  carefully  noted.  It  was  found 
in  these  cases  that  certain  ligatures  which  included  the  aorta  gave 
difEerent  effects  on  respiratory  activity  upon  traction,  and  that  this 
difference  could  be  shown  to  depend  upon  the  depth  of  anaesthesia. 
Thus  in  deep  anaesthesia   the  rise  of  blood  pressure  accompanying 


Figure  3.  —  Decrease  in  reipiratioii  as  a  result  of  occluding  the  aorta  by  ligature  tn  a 
cat  while  in  a  conditioa  of  deep  ansstlieBia.  Uppenoost  line  respiration,  middle  line 
carotid  blood  pressore,  lowest  line  lime  in  one-second  intervals.  Base  line  of  blood 
pressure  not  shown.  Blood  pressure  before  occlusion  134  mm.,  during  204  to  164  mm., 
after  116  mm, 

traction  of  such  a  ligature  would  be  associated  with  a  marked  de- 
crease in  respiration.  Traction  upon  the  same  ligature  within  a  short 
time  in  a  condition  of  light  anaesthesia  would  be  associated  with  an 
increased  rate  or  depth  or  both.  Figs,  3  and  4  are  from  such  an 
experiment.  One  minute  after  the  tracing  shown  in  Fig.  3,  in  which 
the  animal  (a  cat)  was  deeply  anesthetized,  the  ether  was  entirely 
removed.  Two  and  a  half  minutes  later  occlusion  gave  the  result 
represented  by  Fig,  4. 
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The  following  table  gives  the  results  of  an  experiment  in  which 
three  ligatures  were  employed  and  the  depth  of  ansesthesia  varied. 
Autopsy  showed  that  ligatures  i  and  2  passed  around  the  aorta  ;  liga- 
ture 3,  on  the  other  hand,  did  not,  but  simply  included  the  vertebral 
column  and  contiguous  structures.  Ligatures  i  and  3  entered  and 
left  the  thorax  close  to  the  vertebral  column,  ligature  2  entered  and 
left  further  out.  In  the  first 
part  of  the  experiment,  in  a  con- 
dition of  light  anaesthesia,  trac- 
tion upon  ligature  i  caused 
marked  increase  of  rate  and 
depth  of  respirations  with  in* 
crease  of  respiratory  exchange 
(Occlusion  I  of  the  table). 
In  deep  anaesthesia  traction 
upon  this  ligature  caused  de- 
crease in  rate  and  depth  (Occlu- 
sion 2  and  3)  with  marked 
decrease  of  respiratory  exchange. 
In  moderate  anicsthcsia  traction 
upon  this  ligature  (Occlusion  4) 
caused  increase  in  rate  but  de- 
crease in  depth  of  the  respira- 
tions to  such  an  extent  that  the 
respiratory  exchange  was  de- 
creased.   Traction  upon  ligature     " 

2  caused  decrease  in  rate  and  FiGURE4.  —  Incre«e  in  re»piration  as  »  result 
of  occlusion  of  aorta  by  the  same  ligature 
in  the  lame  animal  aa  the  tracing  shoirn 
in  Fig.  3,  three  and  one-half  minutei  later 
and  in  a  condition  of  light  antealheaia. 
Tracing  is  to  be  interpreted  ai  Fig.  3. 
Blood  pressure  before  occlusion  140  mm., 
during  23Z  to  210  mm.,  after  KM  mm. 


depth  in  both  light  and  deep 
anassthesia.  Traction  upon  liga- 
ture 3  (which  did  not  include 
the  aorta)  caused  first  (Traction 
9  of  the  table)  increased  respira- 
tory activity  (decrease  in  rate, 
increase  in  depth  and  increase  of  respiratory  exchange);  later  it  gave 
a  decrease  of  respiration.  Traction  upon  ligature  r  toward  the  end  of 
the  experiment  in  light  anaesthesia  was  not  attended  by  an  'increase 
of  respiration,  as  was  obtained  previously,  but  a  considerable  de- 
crease, and  stimulation  of  the  central  end  of  the  saphenous  at  this 
time  showed  a  similar  though  not  so  great  decrease.  The  animal  at 
this  time  was  thus  in  such  a  condition  that  stimulation  of  a  sensory 
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nerve  instead  of  causing  the  usual  rise  of  blood  pressure  and  increase 
of  respirations  caused  decrease  of  both.  Fig.  i  is  an  example  of  a 
rise  of  blood  pressure  and  increase  of  respiration  from  a  ligature 
not  including  the  aorta. 

Finally,  direct  stimulation  of  the  thoracic  sympathetic  chain  by  a 
faradic   current  may  cause    marked  increase  of  respiratory  activity 
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Figure  5.  —  Slimulation  of  thoracic  sympathetic  chain  by  faradic  current  in  a  dog. 
Uppermost  line  respirations  [down-stroke  inspiration),  second  line  from  top  carotid 
pressure,  third  line  time  in  one-second  intervals,  lowermost  line  base  line  for  blood 
pressure.  Rise  <A  base  line  represents  beginning  of  stimutaiion,  the  fall  cessation  of 
stimulus. 

with  a  rise  of  blood  pressure.  An  example  of  this  is  given  in  Fig.  5. 
The  animal's  thorax  was  opened  upon  the  left  side  sufficiently  wide  to 
allow  dissection  of  the  thoracic  sympathetic  chain  for  a  distance  of 
several  centimetres  and  the  application  to  it  of  a  shielded  electrode. 
Natural  respiratory  activity  was  maintained  by  the  method  of  Brauer. 
The  opposite  result  from  such  stimulation  has  also  been  observed, 
namely,  a  fall  of  blood  pressure  with  decrease  of  respiration.     Direct 
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ligation  of  the  aorta  in  these  experiments  leads  to  a  rise  of  blood 
pressure  with  decrease  in  respiration. 


Discussion  of  Results. 

In  the  interpretation  of  their  results  Guthrie  and  Pike  took  into 
account  two  factors,  the  changes  in  blood  pressure  and  the  changes  in 
carbon  dioxide  contents  of  the  blood.  In  the  first  place,  upon  ligat- 
ing  the  aorta,  the  brain  was  separated  from  the  blood  flowing  from 
that  portion  of  the  body  which  consumes  the  'most  oxygen  and  gives 
off  the  most  carbon  dioxide.  One  would  expect,  according  to  these 
authors,  a  decrease  in  respiration  as  a  result ;  on  the  contrary,  an  in- 
creased rate  was  the  usual  occurrence.  They  therefore  concluded 
that  this  increased  rate  was  due  to  the  rise  of  blood  pressure.  With 
the  fall  in  blood  pressure  coincident  with  the  release  6f  the  ligature, 
the  blood  returning  from  the  posterior  part  of  the  body  must  be  sur- 
charged with  carbon  dioxide  and  at  first  cause  an  increase  in  respira- 
tory activity.  They  observed  a  constant  augmentation  of  respiration 
when  the  blood  pressure  fell.  It  is  not  stated  whether  this  augmen- 
tation is  simply  over  that  observed  during  the  occlusion  or  over  that 
before  the  occlusion.  Our  experiments  show  that  the  respiratory  depth 
following  the  occlusion  is  usually  greater  than  that  observed  during 
occlusion.  This  however  is  not  always  true,  as  the  first  occlusion  of 
the  table  shows.  Occlusion  of  the  aorta  by  the  ligature  method  of 
Guthrie  and  Pike  may  aSect  the  respiration  during  the  occlusion  in  a 
number  of  different  way?,  and  the  state  of  respiratory  activity  follow- 
ing the  occlusion  may  no  doubt  be  influenced  by  this.  During  occlu- 
sion, both  rate  and  depth  may  be  increased  (flrst  occlusion  of  the  table), 
rate  increased  and  depth  decreased  (fourth  occlusion  of  the  table},  rate 
normal  or  decreased  and  depth  increased  (ninth  occlusion  of  the  table), 
or,  finally,  decrease  of  both  rate  and  depth.  A  decrease  of  respiratory 
activity,  usually  both  rate  and  depth,  is  the  condition  that  always  ac- 
companies occlusion  with  rise  of  blood  pressure  in  our  experiments, 
when  care  was  taken  to  prevent  nervous  stimulation.  The  other 
effects  upon  respiration  produced  by  occlusion  by  means  of  ligature, 
we  believe  to  be  due  to  stimulation  of  the  respiratory  centre  through 
afferent  nerves  lying  in  the  neighbojhood  of  the  ligature  and  pressed 
upon  by  traction  of  the  same.  The  most  prominent  nervous  structure 
in  this  region  is  the  thoracic  sympathetic  chain,  and  it  is  almost  im- 
possible to  pass  a  ligature  around  the  vertebral  column  in  this  region. 
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when  the  ligature  enters  and  leaves  the  thorax  close  to  the  vertebrae, 
without,  upon  traction  of  the  same,  causing  compression  of  this 
chain  or  some  of  its  branches  on  at  least  one  side.  Fig.  5  shows 
that  stimulation  of  the  thoracic  sympathetic  may  markedly  affect 
respiration. 

We  therefore  believe  that  the  results  of  Guthrie  and  Pike  upon 
which  their  conclusions  were  based  were  due,  not  to  the  rise  of  blood 
pressure,  but  to  stimulation  of  the  respiratory  centre  through  afferent 
nerves  as  a  result  6f  traction  upon  the  ligatures.  We  base  this  belief 
upon,  (i)  the  constancy  of  our  results  when  this  factor  is  excluded 
by  ligatures  placed  some  distance  from  the  vertebral  column,  occlu- 
sion  by  traction  upon  a  hook,  direct  ligation  of  aorta  with  open  tho- 
rax, (2)  the  effects  upon  respiration  of  ligatures  passed  around  the 
vertebral  column  in  the  usual  region  and  not  including  the  aorta,  (3) 
the  varying  effect  of  ligatures  occluding  the  aorta  under  different  de- 
grees of  anesthesia,  (4.)  the  position  of  the  ligature  in  regard  to  its 
effect  upon  respiration  (thus  a  ligature  entering  and  leaving  the  tho- 
rax close  to  the  vertebral  column  nearly  always  causes  a  stimulation 
upon  traction  in  light  an<Esthesia,  one  further  out  may  not). 

Returning  to  the  condition  of  respiratory  activity  accompanying 
the  fall  of  blood  pressure  following  the  occlusion,  it  may  be  seen  from 
the  table  and  figures  that  this  shows  considerable  variation.  When 
the  centre  is  stimulated  by  traction  upon  the  ligature,  the  increased 
respiratory  activity  during  the  occlusion  may  be  followed  by  a  de- 
crease in  rate  and  depth  accompanying  the  release  of  the  traction  and 
the  cessation  of  the  stimulus  (first  occlusion  of  the  table).  Under 
cert&in  conditions  the  latent  period  of  such  stimulation  may  be  so  long 
as  to  cause  the  principal  effect  upon  respiration  to  occur  after  the 
release  of  the  ligature  (ninth  line  of  the  table;  a  ligature  that  did  not 
include  the  aorta).'  Following  occlusions  of  the  aorta  in  which  ner- 
vous stimulation  is  excluded,  the  decrease  in  respiratory  rate  and  depth 
associated  with  the  rise  of  blood  pressure  is  always  followed  by  an 
increase  in  rate  and  depth  (over  that  during  the  occlusion)  occurring 
immediately  after  release  of  the  ligature.  This  sudden  increase  is  too 
soon  for  the  blood  surcharged  with  carbon  dioxide  from  the  posterior 
part  of  the  body  to  reach  the  brain,  as  it  has  to  pass  through  the  heart 
and  lesser  circulation,  and  the  first  part  of  the  increase  is  most  prob- 
ably due  to  increase  of  the  respiratory  stimulus  as  a  result  of  the 

'  A  similar  effect  upon  stimulation  of  the  saphenous  is  sliown  in  the  fourteenth    , 
line  of  the  table. 
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sudden  fall  of  pressure  (sudden  reduction  of  blood  supply).  Soon  the 
effect  of  the  blood  laden  with  carbon  dioxide  is  observed,  there  is  a 
still  further  increase  in  respiration  which  in  the  majority  of  cases 
leads  to  an  activity  greater  than  that  present  before  occlusion. 

Guthrie  and  Pike  explain  their  anomalous  results  by  one  occlusion 
following  quickly  upon  previous  occlusion  and  release.  In  such  a 
case  they  believe  that  the  sudden  checking  of  the  flow  of  blood  to  the 
brain  from  the  posterior  part  of  the  body  which  is  surcharged  with 


Figure  6.  —  Results  of  several  occlusions  separated  by  short  intervals.  The  figure  shows 
the  1:ist  part  of  the  first,  ihe  second,  third,  and  part  of  the  fouith  of  the  six  occlusions 
of  the  aorta  in  this  series. 

carbon  dioxide,  may  lead  to  such  a  decrease  of  the  respiratory  stim- 
ulus as  to  counteract  the  stimulating  effect  upon  the  respiratory 
centre  of  the  rise  of  blood  pressure.  The  former  factor  then  masks  the 
latter  and  a  decrease  of  respiratory  activity  results.  Care  was  used 
in  our  experiments  to  have  the  occlusions  so  far  separated  as  to 
avoid  this  possibility.  Fig,  6  shows  some  points  of  interest  in  this 
connection.  Here  a  number  of  rises  of  blood  pressure  follow  in  suc- 
cession. Each  rise  of  blood  pressure  from  occlusion  of  the  aorta  is 
accompanied  by  a  decrease  of  respiration,  each  fall  by  an  increase. 
The  second  and  third  occlusions  follow  the  first  immediately  upon  the 
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fall  of  the  blood  pressure  to  its  lowest  points.  Each  fall  of  blood 
pressure  in  these  cases  is  associated  with  increased  respiratory  activity 
over  that  during  the  rise,  not  however  over  that  before  the  rise.  After 
the  third  rise  an  interval  of  about  forty  seconds  intervenes  before  the 
fourth  rise,  and  just  before  this  the  rate  and  depth  have  increased 
over  that  before  the  first  rise  (the  normal).  The  fifth  rise  follows 
in  about  twelve  seconds  and  is  similar  to  the  second  and  third  rises. 
The  sixth  rise  follows  in  sixty-five  seconds  and  is  similar  to  the  third. 
This  shows  that  there  arc  two  factors  tending  to  cause  an  increase  of 
respiration  with  the  fall  of  blood  pressure  ;  the  one  first  acting  is  the 
increase  of  stimulus  as  a  result  of  the  decrease  in  the  blood  supply  to 
the  centre,  and,  secondly,  the  somewhat  later  effect  of  the  surcharged 
carbon  dioxide  blood  from  the  posterior  part  of  the  body.  A  rise  of 
blood  pressure  occurring  at  either  stage  is  sufficient  to  cause  a 
marked  decrease  of  respiration. 

A  number  of  experiments  were  performed  after  section  of  both  vagi 
with  results  similar  in  every  way  to  those  described  for  intact  vagi. 

Conclusions. 

1.  There  is  no  evidence  to  show  that  a  rise  of  blood  pressure  pro- 
duced in  an  animal  by  occlusion  of  the  aorta  affects  the  respiratory 
centre /frj£  when  it  is  already  receiving  an  amount  of  blood  sufficient 
for  its  normal  activity.  The  results  of  such  a  rise  when  other  factors 
are  excluded  is  to  cause  a  decrease  of  respiratory  activity,  probably 
as  a  result  of  the  decrease  of  the  respiratory  stimulus  following  upon 
an  increased  blood  supply  to  the  centre.  If  the  rise  of  blood  pressure 
per  se  stimSIates  the  centre,  its  effect  is  masked  by  the  latter  factor. 

2.  There  is  likewise  no  evidence  from  these  experiments  to  show 
that  a  fall  of  pressure  causes  a  decreased  activity  of  the  centre  when 
the  supply  of  blood  is  not  too  greatly  reduced.  On  the  contrary,  the 
increase  of  the  stimulus  following  a  reduced  blood  supply  causes  an 
increased  rcspiratorj-  activity.  If  the  centre  is  affected  otherwise  by 
the  fall,  the  effect  is  masked  by  the  increase  of  stimulus. 

3.  The  opposite  conclusions  of  Guthrie  and  Pike  we  believe  to  be 
due  to  another  factor  entering  into  their  experiments,  namely,  the 
stimulation  of  the  respiratory  centre  through  afferent  nerves  as  a  re- 
sult of  their  method  of  occlusion.  We  believe  that  our  experiments 
explain  the  many  anomalous  results  reported  in  their  paper. 
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I.  Qualitative  Reactions  of  Thorium. 

IN  order  to  evolve  a  practical  method  for  the  quantitative  estimatiM 
of  thorium,  and  to  prepare  a  compound  which  would  not  precip- 
itate proteids,  we  felt  obliged  to  make  a  rather  extensive  study  c^ 
the  principal  precipitation  reactions  of  the  metal,  of  the  solubility  of 
the  precipitates,  and  of  the  inhibitory  action  of  various  substances 
on  the  precipitations.  We  quote  our  results  below,  although  we  ut 
aware  that  many  of  them  are  not  new.  The  experiments  were  all 
made  with  chemically  pure  crystallized  thorium  nitrate." 

1.  The  aqueous  solution  of  this  salt  is  distinctly  acid  to^litmus. 

2.  HkOH,  KOH,  and  ITE^OH  precipitate  the  solution  completely.* 
The  precipitate  occurs  as  heavy  white  flakes  (Th(OH)j).     It  retem 

>  The  introductioQ  to  the  paper  of  Chace  and  Gibs  makes  a  special  introdiKtlii 
to  our  paper  superfluous.  Our  interest  in  thorium  was  kindled  by  the  same  ^f^Bi 
consideration  which  prompted  these  authors  to  investigate  the  actions  of  tbeneOl. 
As  we  were  in  entire  ignorance  of  this  previous  and  unpublished  work,  our  afOr 
ments  were  chiefly  along  somewhat  difFerent  lines. 

*  We  are  indebted  to  Dr.  M.  Metzenbaum  for  the  earlier  samples.  TbOM  wA 
for  the  later  experiments  were  purchased  from  Merck.  We  did  Dot  concent  m'- 
selves  with  the  question  whether  this  thorium  constitutes  a  single  substance,  socc 
our  primary  object  was  the  investigation  of  the  thorium  as  actually  found  in  dit 

'  The  absence  of  thorium  was  confirmed  by  acidulating  the  filtrate  strong  «* 
HCl  and  adding  oxalic  acid. 


Digitized  by  Google 


Pharmacologic  Investigations  on   Thorium,.  427 

the  alkali  with  great  tenacity,  nine  washings  by  centrifugalization 
being  required  before  the  fluid  was  neutral  to  litmus. 

The  precipitate  was  insoluble  in  water  (several  days);  in  excess  of 
the  reagents ;  in  10  per  cent  NaCI ;  25  per  cent  sodium  citrate  or 
sodium  potassium  tartrate. 

The  complete  insolubility  of  this  and  all  other  precipitates  in  the 
citrate  and  tartrate  is  especially  interesting,  because  these  organic 
salts  prevent  the  precipitation  when  they  are  added  to  the  thorium 
before  the  precipitant.  Neutral  oxalates  also  tend  to  prevent  pre- 
cipitation and  they  also  dissolve  the  precipitates. 

The  thorium  hydrate  is  soluble  in  ammonium  oxalate  and  in  dilute 
acids.  The  solution  is  instantaneous  in  concentrated  HCl,  but  rather 
slow  in  weak  acids;  the  solubility  decreasing  from  hydrochloric  to 
acetic,  to  citric,  to  tartaric  acid.  The  solubility  is  increased  by  heat- 
ing, diminished  .by  prolonged  washing  and  standing.  Boiling  the 
suspended  hydrate,  or  drying  it  for  fifteen  hours  at  100°  C,  does  not 
diminish  its  solubility. 

The  precipitation  is  prevented  by  citrates,  tartrates,  egg  albumen, 
alkali  albumen,  blood,  and  Witte's  peptone,*  not  by  sodium  carbonate 
or  ammonium  oxalate.  The  citrate  mixture,  however,  precipitates  on 
boiling  or  on  prolonged  standing,  the  precipitate  being  readily  soluble 
in  dilute  HCI.  The  tartaric  mixture  does  not  precipitate  on  heating 
or  standing. 

3.  Thoriam  oxid  (ThO^)  has  some  rather  peculiar  solubility  char- 
acters. Fresenius  states  that  when  it  is  prepared  by  gentle  calci- 
nation of  the  oxalate,  moistened  with  HC!  or  HNOg  and  evaporated, 

■   it  forms  the  corresponding  salts,  which  dissolve  readily  in  water,  but 
which  are  again  precipitated  by  the  further  addition  of  the  acid. 

When  strongly  calcined,  the  oxid  is  insoluble  in  acids,  dissolving 
only  when  heated  with  a  mixture  of  equal  parts  of  strong  sulphuric 
acid  and  water  (Fresenius).  In  our  hands  the  solution  was  generally 
incomplete.  We  obtained  the  best  results  by  a  new  method,  by 
fusion  with  NaHSO^.  The  resulting  mass  is  perfectly  soluble  in 
water.  The  attempt  to  obtain  a  soluble  salt  by  fusing  the  oxalate 
with   sodium  nitrate  was  unsuccessful. 

4.  Na^cOg  and  K^COg  precipitate  the  carbonate  Th(C08)).  The 
precipitate  is  soluble  \t\  ammonium  oxalate,  hot  or  cold.     It  dissolves 

*  These  prevention  esperimenia  were  made  by  adding  the  citrate,  etc.  to  a  tho- 
rium nitrate  solution  until  the  resulting  precipitate  was  redissolved,  and  then 

adding  the  reagent  hydrate,  etc. 
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also  in  concentrated  solution  of  the  alkali  carbonate  in  the  cold,  but 
is  re-precipitated  completely  on  boiling.  Some  precipitation  occurs 
also  at  ordinary  temperature  after  a  time;  this  is  quite  marked  in 
two  hours,  but  is  not  complete  even  after  four  days. 

The  precipitate  which  occurs  on  beating  the  carbonate  solution 
does  not  dissolve  on  cooling.  It  is  ittsoluile  in  sodium  citrate  or 
tartrate.  It  is  soluble  in  dilute  acids,  even  tartaric,  and  with  some 
difficulty  in  hot  ammonium  oxalate. 

The  precipitation  of  the  carbonate  is  prevented  by  citrate  and  tar- 
trate, not  by  ammonium  oxalate.  The  citrate  mixture  precipitates 
completely  on  boiling,  incompletely  on  standing  (two  days).  The 
tartrate  mixture  does  not  precipitate  by  boiling  or  standing. 

The  solution  of  tltorium  carbonate  in  sodium  carbonate  is  precipitated 
at  once  and  at  room  temperate  by  NaOH,  not  by  Na,HPO^,  NaF,  or 
proteids. 

5.  NaHCO,  causes  a  precipitate  which  is  difficultly  soluble  in  hot 
ammonium  oxalate.  It  also  dissolves  sparingly  in  an  excess  of 
NaHCOg.  This  solution  re-precipitates  completely  on  standing  or 
boiling,  the  precipitate  dissolving  readily  in  dilute  acetic  acid. 

6.  K,80f,  in  saturated  solution,  precipitates  immediately  and  com- 
pletely (double  sulphate,  Th(S04)j  •  2K,S0,  +  2.Y{^0  and  Th(S04),  " 
4K,S04  +  2HjO).'  The  precipitate  is  insoluble  in  excess  of  the  re- 
agents, and  in  25  per  cent  sodium  citrate,  cold  or  boiling,  even  after 
prolonged  washing.  It  dissolves  very  slowly  in  cold  water.  It  is 
soluble  in  dilute  acids,  even  tartaric,  the  solution  being  hastened  by 
heating;  also  in  boiling  water  and  in  hot  ammonium  oxalate.' 

7.  NkjHPO^  causes  complete  precipitation  (Thg(P04)4  +  4H,0). 
The  precipitate  is  insoluble  in  dilute  hydrochloric  acid  and  in  acetic, 
citric,  and  tartaric  acid,  and  in  sodium  citrate  and  tartrate.  These 
acids  also  do  not  prevent  the  precipitation  of  the  phosphate.  When 
an  equal  volume  of  5  per  cent  HCI  is  added  to  a  suspension  of  the 
phosphate,  and  the  mixture  heated  or  allowed  to  stand,  the  precipi- 
tate becomes  gelatinous,  but  does  not  dissolve.  When  an  equal 
volume  of  30  per  cent  HCI  is  added  to  a  suspension,  the  precipitate 
dissolves,  and  remains  in  solution  on  diluting.  The  phosphate  is  also 
soluble  in  hot  ammonium  oxalate. 

'  P.  E.  Browning  :  Introduction  to  the  rarer  metals.    J.  Wiley  &  Sons,  1904. 

*  The  neutral  thorium  sulphate  (Th(SO4)0  is  said  to  be  soluble  in  ice-water, 
but  to  precipitate  at  room  temperature,  re^issolving  in  !ce-water  only  after 
calcination. 
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The  precipitation  of  the  phosphate  is  prevented  by  citrate,  car- 
bonate or  oxalate,  not  by  tartrate.  The  citrate  mixture  precipitates 
completely  on  bolting  or  prolonged  standing,  or  by  adding  HCl,  but  it 
is  not  affected  by  citric  or  tartaric  acid  or  NaOH. 

8-  NbF  causes  complete  precipitation  (ThP^  +  4H,0.  Double 
salts  may  also  form.  Browning).  The  precipitate  is  insoluble  in  HCl, 
even  when  concentrated  and  boiling;  in  acetic  or  citric  acid  or 
sodium  citrate.     It  dissolves  in  hot  ammonium  oxalate. 

The  precipitation  is  prevented  by  sodium  citrate  or  carbonate  or 
ammonium  oxalate,  not  by  tartrate.  The  citrate  mixture  does  not 
precipitate  by  boiling  or  standing  (difference  from  phosphate).  HCl 
gives  a  precipitate,  insoluble  in  excess.  The  precipitate  in  the 
tartrate  mixture  is  soluble  in  5  per  qent  HCl. 

9.  OxbUo  add  precipitates  the  thorium  almost,  but  not  quite 
completely  (the  filtrate  giving  a  slight  turbidity  with  NaOH).  The 
precipitate  Th(C,04),  +  2H,0  is  practically  insoluble  in  oxalic  acid 
and  in  citrates  and  tartrates.  When  a  suspension  of  thorium  oxalate 
is  heated  with  one-third  volume  of  concentrated  HCl,  a  trace  dis- 
solves, precipitating  again  on  cooling. 

The  thorium  oxalate  is  readily  and  completely  soluble  when  heated 
with  fairly  concentrated  solutions  of  oxalate  of  ammonium,  potassium, 
or  sodium,  remaining  in  solution  on  cooling.  Warm  or  even  cold 
ammonium  oxalate  solutions  also  dissolve  the  thorium  oxalate,  but 
quite  slowly. 

The  solution  of  thorium  oxalate  in  ammonium  oxalate  is  precipi- 
tated by  HCl,  and  also  somewhat  by  excess  of  oxalic  acid.  It  is 
precipitated  quantitatively  by  NaOH  or  NH4OH,  redissolving  on 
neutralization.     (This  may  be  utilized  for  the  quantitative  estimation.) 

The  precipitation  of  thorium  nitrate  by  oxalic  acid  is  not  prevented 
by  citrate  or  tartrate,  if  only  sufficient  of  these  salts  have  been  added 
to  -the  thorium  to  redissolve  the  thorium  citrate  or  tartrate  precipi- 
tate. The  precipitation  in  this  case  is  complete.  If,  however,  a  large 
excess  of  citrate  or  tartrate  is  used  (equal  parts  of  25  per  cent  solu- 
tion  of  sodium  citrate  or  tartrate,  and  of  i  per  cent  thorium  nitrate), 
the  precipitation  is  prevented^  even  on  boiling.  The  addition  of  HO 
to  this  solution  causes  complete  precipitation. 

10.  Ammonium  oaodkt*  produces  with  thorium  nitrate  a  precipitate, 
which  is  insoluble  in  excess  of  thorium  nitrate;  and  in  dilute  HCl 
even  on  boiling.  It  dissolves  readily  in  an  excess  of  ammonium 
oxalate  on  heating,  especially  if  the  solution  is  concentrated ;  it  is 
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also  soluble  in  concentrated  HCl,  being  precipitated  by  further 
addition  of  oxalic  acid.  It  dissolves  also  in  25  per  cent  sodium 
potassium  tartrate. 

The  solution  in  excess  of  ammonium  oxalate  is  precipitated  by 
NaOH,  NajCOj,  or  oxalic  acid;  it  is  not  precipitated  by  Na^HPO^, 
NaF,  egg-white,  blood,  alkali  albumen,  sodium  caseinatc,  or  Witte's 
peptone- 

The  precipitation  of  thorium  nitrate  by  ammonium  oxalate  is 
prevented  by  citrates  and  tartrates,  cold  or  hot.  With  a  thorium- 
sodium  carbonate  ammonium  oxalate  mixture,  precipitation  occurs 
only  on  boiling. 

1 1 .  Citric  and  tartuio  aold,  and  aold  ■odium  oltrates  and  tartratvs 
produce  precipitates  with  thorhim  nitrate.  The  precipitates  are  insol- 
uble in  excess  of  thorium  and  in  acetic  acid.  They  are  solnble  in 
excess  of  the  precipitants,  in  excess  of  dilute  HCl,  and  in  NaOH 
(being  converted  by  the  last  into  the  more  soluble  neutral  salts). 
The  precipitation  Is  prej'enled  hy  HCl,  wc/by  acetic  acid. 

The  solutions  in  excess  of  the  precipitants  tend  to  precipitate  on 
standing  or  heating,  if  the  proportion  of  thorium  exceeds  a  certain 
maximum.  The  heat-precipitates  tend  to  redissolve  on  cooling. 
This  will  be  discussed  more  fully  below. 

12.  Neutral  oltratea  or  tartrates  cause  precipitation.  The  precipi- 
tates are  insoluble  in  excess  of  thorium,  in  acetic  acid,  and  in  NaOH, 
They  are  solnble  in  excess  of  the  citrate  or  tartrate  and  in  excess  of 
HCl.     The  precipitation  \s  prevented  hy  HCl,  not  by  acetic  acid. 

The  solutions  in  excess  of  citrate  or  tartrate  do  not  precipitate  on 
standing  or  heating.  The  cautious  addition  of  HCl  precipitates  the 
less  soluble  acid  citrate  or  tartrate,  which  dissolves  readily  in  an  ex- 
cess of  the  acid.  Acetic  acid  does  not  produce  any  precipitate  itself, 
nor  does  it  dissolve  the  precipitate  caused  by  HCl. 

The  solution  of  thorium  citrate  in  sodium  citrate  \s  precipitated  it 
once  by  oxalic  acid.  It  is  not  affected  at  once,  but  precipitates 
completely  on  boiling  or  prolonged  standing,  by  NH4OH  or  NaOH, 
Na^COs,  NajHrOj.  It  is  not  precipitated  by  NaF,  ammonium 
oxalate,  albumen,  alkali  albumen,  blood,  Witte's  peptone  or  sodium 
caseinate.     The  proteid  mixtures  are  precipitated  by  acetic  acid. 

The  solution  of  thorium  tartrate  in  sodium  lartrate  is  precipitated 
by  NajHPO^.NaF,  and  oxalic  acid ;  it  is  not  precipitated  (even  on 
boiling  or  standing)  by  NaOH,  NH^OH,  NajCOj,  ammonium  oxalate, 
or  the  proteids  mentioned  in  the  last  paragraph. 
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13.  Batyrlo  aoid  gives  a  precipitate  which  is  insoluble  in  excess  of 
butyric  acid,  soluble  in  excess  of  thorium  and  in  HC!,  The  solution 
in  thorium  nitrate  is  precipitated  by  NaOH  before  neutralization  is 
reached.  It  is  also  precipitated  by  butyric  acid.  (The  presence  of 
thorium  in  the  Th(NOB)j  —  butyric  precipitate  was  shown  by  wash- 
ing and  testing  with  HCI  and  oxalic  acid.) 

Sodium  bntyrate  (neutral)  precipitates  Th(N03)4 ;  the  precipitate 
is  insoluble  in  NaOH,  soluble  in  butyric  and  other  acids. 

14  mtrio.  liydroohlotlo,  (onnio,  Imctio,  or  acetic  aolda,  and  their  ■odium 
■alts  ;  gljoetliie,  area,  aacotiaroM  or  dextroae,  or  aoid  albumen  (prepared 
from  egg-white)  do  not  precipitate  thorium,  nor  do  they  prevent  the 
precipitation  by  the  other  reagents. 

15.  Egg  albnmen  produces  a  white,  curdy  precipitate,  Wu^/f  in  ex- 
cess of  albumen  or  thorium,  in  sodium  citrate,  in  NaOH,  and  in  am- 
monium oxalate. 

Acetic  acid  gives  a  slight  turbidity  in  the  solution  in  excess  of  tho- 
rium nitrate,  not  in  excess  of  albumen, 

The  solution  in  NaOH,  although  strongly  alkaline,  does  not  precipi- 
tate thorium  nitrate,  unless  the  latter  is  in  great  excess-  More  tho- 
rium goes  into  solution  when  the  excess  is  added  in  the  order: 

Albumen,  Thorium,  NaOH, 

than  when  it  is  in  the  order: 

Albumen,  NaOH,  Thorium. 

The  precipitation  of  albumen  by  thorium  is  prevented  by  citrates, 
tartrates,  carbonate,  and  oxalate. 

i6-  Alkali  albnman  (prepared  from  egg-white  by  heating  with 
NaOH  and  neutralizing  the  excess  of  alkali)  causes  a  curdy  precipi- 
tate, apparently  insoluble  in  excess  of  thorium,  soluble  in  excess  of 
alkali  albumen,  in  NaOH,  and  difBcultly  in  ammonium  oxalate  or 
sodium  citrate  (much  more  readily  in  the  oxalate  than  in  the  citrate). 
The  NaOH  solution  behaves  towards  thorium  as  in  the  case  of 
albumen. 

The  precipitation  \%  prevented  by  the  same  reagents  as  in  the  case 
of  albumen. 

i^.  Blood  (defibrinated,  dog's,  diluted  with  four  volumes  of  water), 
causes  a  precipitate  (see  below),  soluble  in  excess  of  blood,  sodium 
citrate  and  ammonium  oxalate  (see  remarks  under  alkali  albumen) 
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and  NaOH  (see  under  albumen).  The  solubility  .in  excess  of  thorium 
could  not  be  observed  because  of  the  precipitation  of  acid  hematin. 

'Va^ prevention  of  the  precipitation  is  as  for  albumen. 

l8-  CMelnate  of  sodium  (casein  dissolved  by  the  aid  of  NaOH)  pro- 
duces a  precipitate,  insoluble  in  excess  of  casein  or  thorium  and  in 
NaOH  ;  sparingly  soluble  in  ammonium  oxalate;  solution  in  sodium 
citrate  doubtful. 

19.  Peptone  witte  gives  a  precipitate,  readily  soluble  in  excess  of 
thorium,  difficultly  in  excess  of  peptone,  sparingly  in  ammonium  oxa- 
late, sodium  citrate  doubtful;  also  soluble  in  5  per  cent  HCl  and  in 
NaOH.  The  solution  in  thorium  is  precipitated  in  NaOH;  the  so- 
lution in  NaOH  by  thorium. 

DiaeuMloD  of  tbe  Uiorlnm  reaottona.  —  The  resemblance  of  the  tho- 
rium reactions  to  those  of  aluminium  and  cerium,  which  belong  to 
the  same  group,  is  very  striking.  The  general  analogy  holds  true  for 
the  principal  precipitation  reactions,  for  the  solubility  of  the  precipi- 
tates, and  for  the  prevention  of  precipitation  by  the  presence  of  cit- 
rates, tartrates,  etc.  through  the  formation  of  strong  double  salts, 
although  there  are  differences  in  the  details. 

T\ie principal precipitants  of  thorium  may  be  classified  as  follows ; 

1.  Oxalic  acid,  fluorid,  and  phosphate. 

2.  Alkalies:   OH,  COg,  and  HCOg. 

3.  Citric  acid  and  citrates,  tartaric  acid  and  tartrates,  ammonium 
oxalate;   not  acetic,  lactic,  or  formic  acids. 

4.  Protcids:  albumen  and  alkali  albumen,  blood,  casein,  and  pep- 
tone, not  acid  albumen.  Casein  really  constitutes  a  class  by  itself, 
however,  the  precipitates  being  much  less  soluble  than  those  of  other 
proteids. 

As  regards  the  solubility  of  the  precipitates,  the  first  class  is  gener- 
ally insoluble  in  acids,  whilst  the  other  classes  are  generally  soluble. 
To  this,  however,  there  are  some  exceptions  :  Of  Class  I,  the  oxalate 
is  sparingly  soluble  in  concentrated  hydrochloric  acid,  the  phosphate 
freely  so ;  but  the  latter  forms  a  peculiar  gelatinous  precipitate  in  the 
presence  of  dilute  hydrochloric  acid. 

In  Class  2  (alkalies)  the  decreasing  solubility  in  organic  acids  is 
worthy  of  notice;  of  these,  acetic  acid  is  the  most  powerful  solvent, 
whereas  it  fails  entirely  to  dissolve  the  precipitates  of  Class  3  (citrates, 
etc.).  NaOH  dissolves  only  the  precipitates  of  the  fourth  class  (pro- 
teids) with  the  exception  of  casein.  This  and  all  the  precipitates  of 
the  first  three  classes  are  insoluble  in  NaOK. 
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The  most  remarkable  character  of  the  thorium  precipitates  is  their 
universal  solubility  in  concentrated  ammonium  oxalate  solution,  espe- 
cially on  heating.  Citrates  and  tartrates,  t^lhoyx^  they  prevent  pre- 
cipitation in  many  instances,  do  not  dissolve  the  formed  precipitates, 
except  in  Class  4.     The  casein  precipitate  is  again  insoluble. 

Donbl*  Baits  :  aolnblUty  In  exoM*  of  praolpltaut.  —  Through  the  ten- 
dency to  the  formation  of  double  salts,  many  precipitates  are  soluble 
in  an  excess  of  the  reagents,  as  follows : 

The  precipitates  are 

1.  Inaolnbl*  in  both  pnoipitant  and  thorinm:  oxalic  acid,  fluorid, 
phosphate,  sulphate,  hydroxid,  casein. 

2.  Solnbla  Id  th«  pnolpltant.  inaolnbla  In  thoHnm :  carbonate,  bicar- 
bonate, citrate,  tartrate,  ammonium  oxalate,  alkali  albumen. 

3.  Solnbla  in  both  preolplUot  and  thorinm:  egg-white,  blood,  pep- 
tone. 

These  double  salts  or  solutions  of  thorium  in  excess  of  precipitant 
generally  resist  precipitation  by  other  reagents.  The  double  thorium 
sodium  citrate  is  not  precipitated  at  once  by  any  of  the  precipitants, 
although  a  large  excess  of  the  citric  acid  is  needed  to  prevent  the  pre- 
cipitation by  oxalic  acid.  The  double  tartrate  is  precipitated  only  by 
the  fluorid  and  phosphate,  and  oxalic  acid ;  the  double  carbonate  and 
the  double  oxalate  are  precipitated  by  these,  and  by  sodium  hydrate, 
and  the  oxalate  also  by  sodium  carbonate.  The  solution  of  thorium 
in  proteids  is  not  precipitated  by  sodium  hydrate. 

The  addition  of  acid  appears'  to  disrupt  these  double  salts,  so  that 
the  thorium  again  becomes  precipitablc.  Thus  the  mixture  of  sodium 
phosphate  or  fluorid  with  thorium  sodium  citrate  is  precipitated  at 
once  on  the  addition  of  dilute  hydrochloric  acid.  Alkalies  do  not 
cause  this  decomposition,  with  citrates  or  tartrates,  so  that  there  is  no 
change;  but  they  do  precipitate  the  double  carbonate  or  oxalate. 

The  double  salts  seem  to  be  rather  unstable  in  solution,  tending  to 
precipitation,  on  heating  or  prolonged  standing,  perhaps  by  hydroly- 
sis, even  when  no  reagent  is  added. 

The  phenomenon  is  seen  most  strikingly  with  the  carbonate  and 
bicarbonate.  It  is  absent  with  the  double  oxalate  and  with  the  neu- 
tral citrate  and  tartrate.  Acid  citrates  and  tartrates  tend  to  precipi- 
tate on  prolonged  standing,  unless  a  fair  excess  of  the  organic  acid  or 
its  salt  is  present.  These  acid  double  salts  present  another  peculiar 
phenomenon,  namely,  that  they  require  a  much  greater  quantity  of 
the  organic  acid  at  the  boiling  temperature  than  in  the  cold.     A  bal- 
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anced  mixture  of  thorium  and  citric  or  tartaric  acid,  or  their  acid  salts, 
prepared  at  room  temperature,  will  precipitate  on  bailing,  and  tend  to 
redissolve  on  cooling.  The  completeness  of  the  re-solution  on  cool- 
ing depends  on  the  preponderance  of  the  citrate  or  tartrate  over  the 
thorium.   This  phenomenon  will  be  discussed  in  greater  detail  below. 

Heating  or  prolonged  standing  also  affects  in  a  similar  manner  the  re- 
sistance of  the  double  salts  to  other  precipitants.  Next  to  the  double 
carbonate,  the  double  citrate  (neutral)  is  the  most  subject  to  this  de- 
composition, whilst  the  double  tartrate  is  not  affected,  and  the  oxalate 
combination  is  even  more  firm. 

The  double  thorium-sodium-citrate,  which  is  not  affected  imme- 
diately in  the  cold  by  any  of  the  common  precipitants,  is  precipitated 
at  once  on  boiling,  or  slowly  on  prolonged  standing,  by :  Na^HPO^, 
NaOH,  Na^COg,  and  NaHCOg.  It  is  not  precipitated,  even  under 
these  conditions,  by  oxalic  acid,  sodium  fluorid,  ammonium  oxalate, 
citrate  or  tartrates,  or  any  of  the  proteids. 

Detailed  atnd;  of  the  citrate  and  tartrate  raactlona.  —  The  re-solution 
of  the  thorium  precipitate  in  an  excess  of  the  precipitant  was  stud- 
ied more  intimately  for  these  two  reagents.  When  a  solution  of 
THCNOj),  is  added  to  a  solution  of  neutral  sodium  citrate  or  tartrate, 
a  dense  precipitate  occurs,  which  re-dissolves  readily  in  an  excess  of 
the  citrate  or  tartrate.  The  solutions  still  show  an  acid  reaction  to 
litmus.  A  definite  quantity  of  citrate  or  tartrate  is  required  to 
re-dissolve  a  given  amount  of  thorium,  independent  of  the  quantity 
of  solvent;  for  instance,  i  gram-molecule  of  Th(NOg)^  requires  1.3 
gram-molecules  of  NagCgH^O^,  no  matter  whether  they  are  mixed  in 
I  per  cent  or  in  10  per  cent  solution. 

The  end  reaction  is  not  quite  sharp,  since  the  precipitation  and 
resolution  require  a  little  time;  the  sharpness  can  be  improved  by 
heating. 

Acid  citrates  or  tartrates,  and  the  free  citric  and  tartaric  acid,  be- 
have similarly;  but  a  much  larger  quantity  is  required  to  re-dissolve 
a  gram-molecule  of  thorium,  the  larger  the  less  alkali  is  present 
(see  below). 

When  thorium  is  dissolved  in  a  just  sufficient  quantity  of  the  acids 
or  acid  salts,  a  small  quantity  is  deposited  slowly  on  standing,  and  a 
much  larger  quantity  precipitates  immediately  on  boiling,  re-dissolving 
on  cooling.  These  precipitates  are  absent  if  the  citrates  or  tartrates 
are  added  in  large  excess. 
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Quantity  of  citrate  or  tartrate  required  to  dissolve  one  gram-molecule 
of  thorium. — To  test  this  point  a  i  per  cent  thorium  nitrate  solu- 
tion was  added  to  a  mixture  of  citric  or  tartaric  acid  and  sodium 
hydrate,  until  the  first  appearance  of  a  permanent  turbidity.  As 
noted  above,  the  results  are  not  quite  accurate,  since  the  precipita- 
tion and  solution  are  not  completed  at  once;  but  a  fair  approxima- 
tion was  secured  by  averaging  repeated  experiments  under  some- 
what varying  conditions.     The  following  results  were  obtained: 

0.5Z0  gm,  of  eiirie  add  (H,CaH,0,  ■  HsO)  in  10  c.c  of  water 
plus  c.c.  ?  NaOH,  plus  c.c.  1  %  Th(NO,),  -12  HjO. 

o  10  =  DO  precipitate  in  cold,  even  on  standing. 

o  12.7  =  beginning  precipitation,  immediate, 

o  i.o  =  no  precipitation  on  boiling, 

o  1.8  =  precipitates         "      " 

3.67  (  =  NaH]CeH(0,)  32.2  =  precipitation  begins  on  boiling. 
3.67  38.5  =  "         ended    "      " 

5.3  (  =  NajHCHjO,)     48.0  =  "         begins  on  boiling. 

8.0  ( =  Na,C,H,0,)       88.0  =  "  "       "      " 

■^■5^3^  B""-  of  tartaric  acid  {HsdfitOt)  in  10  c.c.  of  water, 
o  50  =  only  turbidity  in  cold. 

o  S  =  no  precipitate  in  cold  on  standing. 

o  10  =  slight    " 

o  I  =  no  precipitate  on  boiling. 

o  2.8  =  beginning  precipitation  on  boiling. 


3.4s  (  =  NaHC.H.O.)       45.3  = 

,< 

3-4S                                        S3-9  = 

:  end  of 

"        " 

6.9  (  =  Na,C,H,0,)         84.5  = 

:  beginning 

"             "        " 

6.9                                   roo.o  = 

=  end  of 

"             "        " 

Using  the  numbers  in  heavy  type,  0 

ne  gram-molecule  of  Th(NO,)4  requires 

for  re- solution : 

Immediately  or  on  standing,  in  cold 
Boiling 

9.52  +  gm- 
68.7  +    '■ 

r}H.C,HA 

" 

3-84  +    " 

N«H,C,H,0, 

2.58+    " 

Na,HC,H.O, 

" 

1.31+    ■' 

N^CH.O, 

Immediately  in  cold 

4-278+    •' 

"     ■ 

Standing     '■    " 

8.555+    " 

«     [  H,C.H,0, 

Boiling 

61.09  +    " 

3-777  +    ' 
3.024  4-    ' 


NaHC,H,0, 
Na,C,H^O, 


Digitized  by  Google 


43^  Torald  SoUmann  and  E.  D.  Brown. 

To  complete  precipitation  there  irc:  required  about : 

3.210  gm.  mol.  of  NaH,CiH,0, 
3.174  "  "  "  NaHC4H,0, 
1.711    "      •'     "  Na,C,H,0, 

We  bad  hoped  that  the  determination  of  these  molecular  equiva- 
lents would  enable  us  to  establish  formulas  for  these  double  salts; 
but  it  appears  that  the  conditions  are  too  complex.  For  instance, 
the  simplest  compound  which  could  be  harmonized  with  the  ratio 
of  thorium  to  sodium  tartrate  would  be:  20  Th(Ta)a  +  Na^Ta;  for 
the  sodium  citrate,  5  Thg(Ci)(  +  Na,Ci.  With  the  acid  salts  such 
speculation  appears  quite  hopeless. 

We  also  attempted  to  isolate  the  double  salts  by  crysiallisatioH,  but 
with  no  better  success.  The  spontaneous  evaporation  of  all  the 
balanced  mixtures  yielded  large  feathery  or  rosette-formed  crystals, 
but  solutions  containing  1,5,  10,  and  20  c.c.  of  i  per  cent  thorium 
to  0.520  gm.  of  citric  or  0.514  gm.  of  tartaric  acid  yielded  identical 
uniform  crystals  on  evaporation. 

Effect  of  prolonged  standing  on  citrate  and  tartrate  mixtures.  —  When 
the  amount  of  citrate  or  tartrate  in  a  mixture  is  just  barely  suffi- 
cient to  re-dissolve  the  thorium  precipitate,  a  small  part  of  the  tho- 
rium is  gradually  deposited,  but  with  extreme  slowness.  Thus,  in  an 
NaHjCi  — Th  solution,  the  first  turbidity  occurred  after  eleven  days, 
and  recurred  each  time  after  filtering  (four  filtrations  at  weekly  inter- 
vals). In  other  cases  the  precipitation  (of  a  portion  of  the  thorium} 
was  completed  in  five  days,  so  that  the  turbidity  did  not  recur  on 
filtering. 

Effect  0/  boiling  on  the  mixtures.  —  Solutions  in  NagCi,  Na,HCi, 
and  Na^Ta  do  not  precipitate  on  boiling,  even  when  saturated  with 
thorium.  Solutions  in  NaHjCi,  HgCi,  NaHTa,  and  HjTa  precipitate 
on  heating  when  the  quantity  of  thorium  exceeds  a  certain  limit, 
which  is  very  near  the  saturation  limit  for  the  acid  salts,  but  which 
for  the  free  acids  lies  considerably  below  the  saturation  limit  in  the 
cold. 

For  instance,  0.520  gm.  of  citric  acid  will  re-dissolve  0.127  S"^-  of 
thorium  nitrate;  but  a  solution  containing  only  aoi8  gm.  will  pre- 
cipitate on  boiling,  whilst  one  containing  only  o.oi  gm.  will  not 
precipitate. 

0.5136  gm.  of  tartaric  acid  re-dissolves  o- 10  gm.  of  thorium  nitrate; 
0.028  precipitates  on  boiling;  O.OI  does  not. 
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The  heat  precipitates  tend  to  rc-dissoIve  on  cooling,  but  this  solu- 
tion is  often  very  slow  and  imperfect,  according  to  the  excess  of 
thorium. 

A  rather  peculiar  phenomenon,  for  which  we  can  ofTer  no  explana- 
tion, is  that  crystallization  of  the  compounds  lessens  their  liability 
to  heat  precipitation  when  they  are  re-dissolved;  mixtures  contain- 
ing only  a  moderate  excess  of  thorium  may  not  precipitate  at  all 
tinder  these  conditions,  as,  for  instance,  the  tartaric  acid  mixture, 
containing  0.05  gm.  of  thorium  nitrate. 

Effect  of  acidulation.  —  The  cautious  addition  of  dilute  hydro- 
chloric acid  to  a  sodium  citrate  solution  converts  it  into  citric  acid, 
in  which  thorium  is  less  soluble;  there  is  consequently  precipitation 
proportional  to  the  quantity  of  thorium  present,  and  hence,  in  a 
balanced  solution,  proportional  to  thealkalinity  of  the  original  citrate. 
In  citric  acid  mixtures  the  hydrochloric  acid  produces  no  precipitate, 
nor  in  any  of  the  tartrates. 

Dilute  acetic  acid  does  not  decompose  the  citrate,  so  that  there 
is  no  precipitation.  Concentrated  acetic  acid  precipitates  only  in  the 
neutral  citrate. 

The  precipitated  thorium  citrate  is  readily  soluble  in  dilute  hydro- 
chloric acid,  insoluble  in  acetic  acid.  Adding  an  excess  of  HCl 
therefore  prevents  precipitation  by  excess  of  thorium,  whilst  acetic 
acid  does  not. 

II.    The  Quantitative  Estimation  of  Thorium. 

The  precipitation  of  thorium  by  oxalic  acid,  and  the  ready  solubility 
of  the  precipitate  in  hot  concentrated  ammonium  oxalate  solution, 
distinguishes  this  metal  from  all  others,  and  furnishes  a  convenient 
method  of  isolation  and  of  quantitative  estimation.  If  the  precipita- 
tion is  made  in  an  acid  medium,  the  presence  of  citrates,  etc.,  does 
not  interfere.  The  simplest  quantitative  method  is  therefore  as 
follows : 

Method  A-  — The  solution  is  strongly  acidulated  with  hydrochloric 
acid,  and  treated  with  an  excess  of  oxalic  acid  solution.  The  mix- 
ture is  heated  and  filtered,  and  the  precipitate  is  washed  with  a  small 
quantity  of  distilled  water,  and  dissolved  in  a  boiling  saturated  solu- 
tion of  ammonium  oxalate.  The  solution  is  filtered  and  again  pre- 
cipitated by  acidulating  strongly  with  hydrochloric  acid.  The 
precipitate,  consisting  of  thorium  oxalate  and  oxalic  acid,  is  washed. 
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calcined,  and  weighed  as  thorium  oxid :  0.3796  gm.  of  ThO,  =  I  gm. 
Th(NOg),  ■  12  HjO. 

This  method  is  not  quite  accurate,  since  ttiorium  oxalate  is  slightly 
soluble  in  hydrochloric  acid.  This  fallacy  can  be  avoided  by  either 
method  B  or  C. 

Method  B.  —  All  the  filtrates  of  method  A  are  evaporated  to  a 
small  bulk,  and  this  concentrated  solution  is  again  put  through  the 
method  A,  the  result  being  added  to  the  former. 

Method  C.  —  The  ammonium  oxalate  solution  in  method  A  is  pre- 
cipitated by  ammonium  hydrate  instead  of  hydrochloric  acid ;  the 
hydrate  of  thorium  being  less  soluble  than  the  oxalate. 

This  method  contains  another  source  of  error,  since  the  pre- 
cipitated hydrate  entrains  other  matter,  and  retains  this  so  tena- 
ciously that  it  is  not  quite  pure  even  after  prolonged  washing,  so 
that  the  results  are  generally  rather  high.  This  is  also  true  of  the 
oxalate,  but  to  a  less  degree. 

Notwithstanding  these  criticisms,  these  methods  yield  fairly  satis- 
factory results,  not  only  in  pure  solutions,  but  also  in  the  presence  of 
urine  and  of  citrates,  as  shown  in  Table  I. 

With  urines,  however,  it  was  found  that  the  organic  matter  was 
rather  disturbing,  since  it  discolored  the  filtrates  and  adhered  to 
every  precipitate.  It  was  therefore  destroyed  by  incineration.  When 
this  is  not  too  prolonged,  the  residue  dissolves  very  readily  in  dilute 
hydrochloric  acid;  but  for  safety  we  resorted  to  fusion  with  acid 
sodium  sulphate. 

T/ie  method  finally  adopted  for  urines  is  therefore  as  follows : 

The  urine  is  rendered  strongly  acid  with  concentrated  hydrochloric 
acid  and  heated.  This  dissolves  the  precipitates  which  are  commonly 
present  in  the  urine,  and  darkens  its  color.  This  solution  is  filtered, 
and  to  the  filtrate  and  washings  a  saturated  solution  of  oxalic  acid  is 
added  in  excess,  whilst  the  solution  is  still  hot,  and  it  is  then  set 
aside  for  a  few  hours,  until  it  has  cooled  and  the  precipitate  has  well 
settled.  The  solution  is  then  filtered.  The  minute  traces  of  thorium 
which  could  escape  into  the  filtrate  are  disregarded.  The  filter 
and  precipitate  are  dried  and  calcined,  and  this  residue  is  fused  in  a 
porcelain  crucible  with  some  acid  sodium  sulphate.  The  fused  mass 
is  treated  with  distilled  water  and  filtered.  The  solution  was  then 
treated  according  to  methods  A  and  B. 

For  the  determination  in  feces,  we  followed  at  first  the  same  method 
as  for  urines.     Later,  however,  we  adopted  the  plan  of  first  incin- 
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erating  the  feces  by  placing  them  on  a  piece  of  fine  wire  gauze,  and 
applying  the  Bunsen  flame  iseneath.  This  ash  was  then  fused  with 
the  acid  sodium  sulphate,  dissolved  in  distilled  water,  filtered,  and 
treated  according  to  methods  A  and  B. 

For  the  determination  in  tissues,  the  minced  material  was  first 
digested  by  the  Fresenius-Babo  method.  The  filtrate  was  treated 
by  methods  A  and  B;  the  insoluble  residue  was  incinerated  and 
fused  with  the  acid  sodium  sulphate  and  then  treated  by  A  and  B. 

This  method,  however,  gave  negative  results,  as  shown  by  the  fol- 
lowing protocols : 

Guinea  pig  No.  i,  weighing  400  gm.,  was  injected  subcutaneously  with  5  c.c 
of  a  thorium  sodium  citrate  solution  (=  0.125  gm.  of  thorium  nitrate). 
The  animal  was  placed  in  a  porcelain  dish  and  covered  with  an  open 
bell-jar.  It  was  killed  with  chloroform  after  two  days,  and  the  whole 
body  treated  as  just  described.  No  thorium  was  recovered.  The  urine, 
treated  by  method  B,  was  also  negative. 

Guinea  pig  No.  z,  365  gm.,  was  injected  with  the  same  quantity  of 
thorium  sodium  citrate.  It  was  killed  immediately,  and  the  body  digested 
by  the  Fresenius-Babo  method.  The  filtrate  was  precipitated  by  oxalic  acid. 
This  precipitate  was  incinerated  lightly  and  dissolved  in  hydrochloric  acid, 
in  which  it  was  completely  soluble.  This  solution  was  treated  by  methods 
A  and  B. 

The  filtrate  from  the  original  oxalic  precipitation  was  evaporated  to 
dryness,  incinerated,  dissolved  in  hydrochloric  acid,  and  treated  by 
metho<is  A  and  B. 

The  residue  containing  the  undigested  tissue  and  fat  was  incinerated 
and  fused  with  acid  sodium  sulphate.  This  was  not  completely  soluble. 
The  solution  was  treated  by  A  and  B. 

None  of  the  solutions  yielded  any  thorium. 

Our  method,  therefore,  although  satisfactory  for  pure  solutions  and 
for  thorium  added  to  urines  and  feces,  failed  completely  with  tissues. 
We  have  no  explanation  to  offer  for  this  failure.  It  naturally  arouses 
a  doubt  whether  our  method  is  always  reliable  for  urine  and  feces. 

III.  The  Absorption  and  Excretion  of  Thorium. 

We  administered  thorium,  either  in  the  form  of  nitrate  or  of  the 
double  citrate,  to  a  series  of  animals,  by  various  channels,  and  esti- 
mated the  quantity  excreted  in  the  urine  and  feces.  The  results  are 
summarized  in  Table  II. 
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When  the  thorium  was  administered  by  stomach,  it  was  found  in  the 
feces,  but  not  in  the  urine.  When  it  was  injected  into  the  muscles 
or  veins,  none  was  found  in  the  feces,  but  a  considerable  proportion 
could  generally  be  recovered  from  the  urine. 

The  excretion  by  the  urine  was  always  completed  by  the  second 
day ;  by  the  feces,  by  the  fourth  day,  and  in  half  of  the  animals  by 
the  second  day;  or  rather  our  method  failed  to  reveal  any  thorium 
after  this  time. 

Only  a  portion  of  the  thorium  was  recovered,  ranging  from  o  to 
43  per  cent.  The  apparent  loss  does  not  seem  to  be  influenced  by 
the  method  of  administration  or  by  the  dose. 

The  loss  could  be  accounted  for  either  by  retention  of  a  part  of 
the  thorium  in  the  tissues  or  by  the  faults  of  our  methods.  The 
organs  were  examined  for  thorium  in  a  number  of  our  animals: 
Liver  (Dogs  lo,  il,  14,  and  15) ;  kidneys  (Dogs  10,  il,  15)  ;  lungs 
(Dog  14);  muscle,  brain,  spleen,  blood  serum,  blood  clot  (Dog  11) ; 
bones  (Dog  15);  after  intravenous  administration,  also  the  intes- 
tine and  contents  (Dog  11)  and  stomach  (Dog  14).  The  result  was 
uniformly  negative.  In  view,  however,  of  the  uncertainties  of  our 
method  when  applied  to  tissues,  we  are  unable  to  state  whether  or 
not  the  thorium  is  retained  in  the  tissues. 

The  fact  that  thorium  was  invariably  found  in  the  feces  and  never 
in  the  urine,  when  it  was  administered  by  the  stomach,  whilst  the 
reverse  obtained  when  it  was  injected  intramuscularly  or  intrave- 
nously, indicates  that  thorium  is  neither  absorbed  nor  excreted 
through  the  alimentary  canal.  This  conclusion,  although  very  prob- 
able, cannot  be  positive  as  long  as  we  are  ignorant  of  the  fate  of  the 
thorium  which  escaped  detection. 


IV.  The  Pharmacologic  Actions  of  Thorium. 

Solauoas  used.  —  The  first  attempts  to  study  the  actions  and  tox- 
icity of  thorium  emphasized  strongly  the  necessity  of  distinguishing 
between  the  local  and  systemic  actions  of  the  salts.  Thorium  nitrate, 
by  its  metallic  ion  and  by  the  acidity  of  its  solutions,  is'  a  powerful 
precipitant  of  proteids,  and  hence  a  strong  astringent  and  irritant. 
This  precipitant  action  can  be  avoided  by  the  addition  of  an  excess 
of  sodium  citrate  or  tartrate,  or  proteids,  etc.,  as  described  in  the  first 
section  of  this  paper.     We  employed  mainly  the  double  citrate,  our 
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standard  thorium  sodium  citrate  solution  being  prepared  by  adding 
40  c.c.  of  a  10  per  cent  thorium  nitrate  solution  to  iio  cc.  of  a 
sodium  citrate  solution,  of  the  freezing-point  of  a  I  per  cent  sodium 
chlorid  solution,  and  containing  2.737  P^**  <^ciit  of  the  anhydrous  salt; 
and  making  up  the  total  volume  to  160  c.c.  Each  cubic  centimetre 
of  this  solution  therefore,  represents  0,025  gm.  of  Th(NOg)4  '  12  HjO 
and  0.0188  gm,  of  NagCgH^O^, 

Precipitation  of  defibrinated  dog's  blood  and  change  of  hemo- 
globin.—  The  addition  of  thorium  nitrate  solutions  to  defibrinated 
blood  causes  a  dense  precipitate,  curd  or  clot,  and  changes  a  part  of 
the  hemoglobin  into  acid  hematin.  This  conversion  proceeds  rather 
slowly.  (The  acid  hematin  was  identified  by  the  change  of  color  to 
a  darker  brown,  giving  a  spectroscopic  band  in  the  red,  remaining 
unchanged  by  hydrocyanic  acid.)  A  stronger  acid  hematin  spectrum 
was  obtained  in  a  mixture  containing  10  per  cent  of  blood  than  with 
90  i>er  cent  of  blood,  to  0.6  per  cent  of  thorium  nitrate,  the  acidity 
of  the  salt  being  partly  neutralized  by  the  blood.  A  large  excess  of 
blood  dissolves  the  thorium  precipitate;  a  mixture  containing  0.06 
per  cent  of  thorium  nitrate  to  10  per  cent  of  blood  did  not  precipitate 
or  change  in  color. 

The  precipitation  and  the  formation  of  acid  hematin  was  prevented 
by  sodium  citrate,  even  in  mixtures  containing  2  per  cent  of  thorium 
nitrate  to  10  per  cent  of  blood,  although  the  thorium  citrate  mixture 
was  distinctly  acid  to  litmus. 

Solutions  of  thorium  nitrate  in  alkali  albumen,  tartrates,  sodium 
carbonate,  or  ammonium  oxalate  also  do  not  precipitate  blood  and  do 
not  change  its  color. 

Effect  on  blood  corpuscles.  —  A  10  per  cent  thorium  nitrate  solution 
crenates  the  corpuscles  of  a  frog ;  a  5  per  cent  solution  causes  little, 
if  any,  change. 

A  mixture  of  3.5  cc.  of  the  standard  thorium  sodium  citrate  solu* 
tion  and  i  .5  cc.  of  water  does  not  lake  rabbits'  corpuscles.  A  mix- 
ture of  2  c.c.  of  the  solution  and  3  c.c.  of  water  caused  noticeable 
laking  in  three  hours. 

Clotting  of  oxalate  plasma.  —  3  c.c,  of  2  per  cent  potassium  oxalate 
are  added  to  47  cc.  of  fresh  dog's  blood,  and  the  mixture  centrifugal- 
ized  until  a  clear  plasma  is  obtained.  A  sample  coagulates  into  a 
firm  clot  within  five  minutes  after  adding  a  little  calcium  chlorid. 
Thorium  citrate  or  the  double  citrate  do  not  cause  clotting,  but  form 
a  precipitate  (of  thorium  oxalate). 
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Astringent  action.  —  Thorium  nitrate  solutions  have  a  markedly 
astringent  taste;  this  is  almost  absent  in  the  double  citrate  or  tartrate. 

Application  to  vessek  of  the  web  of  the  frogs'  foot,  or  to  the  mes- 
entery.—  A  5  per  cent  solution  of  the  nitrate  constricts  the  smaller 
vessels,  not  the  larger;  the  marginal  space  is  obliterated;  the  ar- 
terial stream  appears  quickened.  A  to  per  cent  solution  causes  a 
marked  slowing,  and  eventually  intravascular  clotting. 

Action  on  cilia.  —  Thorium  sodium  citrate  solution  appears  to 
cause  a  marked  slowing  of  ciliary  action  in  the  frog's  oesophagus. 

Skeletal  muscle,  frog. —  Muscle  teased  in  j  per  cent  thorium 
nitrate  shrivels;  in  to  per  cent  it  becomes  more  contracted  and 
granular. 

The  whole  muscle  laid  in  the  5  per  cent  solution  becomes  whi- 
tened and  hardened.  No  spontaneous  rhythmic  contractions  were  ob- 
served. The  standard  thorium  sodium  citrate  solution  also  hardens 
the  muscle,  slowly  but  firmly. 

The  excitability  of  the  muscle,  nerve  or  endings,  is  not  apparently 
reduced  when  the  muscle  is  laid  into  10  per  cent  thorium  nitrate  for 
thirty  minutes.  Thorium  sodium  citrate  also  did  not  diminish  the 
excitability,  whereas  sodium  citrate  lessened  it  noticeably.  It  appears,, 
therefore,  that  thorium  lessens  the  toxicity  of  the  sodium  citrate. 

The  contractility  of  the  muscle  (height  of  contraction),  on  the 
other  hand,  is  diminished,  both  by  thorium  nitrate  (5  per  cent)  and 
by  thorium  sodium  citrate,  more  rapidly  than  by  sodium  citrate. 

The  sodium  citrate  had  a  considerable  veratrin  action,  which,  how- 
ever, was  exhausted  so  rapidly  that  a  second  stimulation  generally 
produced  an  ordinary,  short,  and  lower  contraction.  Thorium  sodium 
citrate  did  not  have  this  effect. 

Effects  on  tke  frog's  heart — Thorium  nitrate  has  very  little,  if  any, 
effect  on  the  frog's  heart,  either  when  injected  into  the  lymph  sac,  or 
when  applied  to  the  exposed  heart,  in  10  per  cent  solution.  Tho- 
rium sodium  citrate  appears  to  be  less  depressant  than  sodium  citrate. 

Effects  on  excised  intestine.  —  The  behavior  of  pieces  of  excised  rab- 
bit's intestines  in  thorium  nitrate  and  thorium  sodium  citrate  solu- 
tions was  compared  with  other  solutions ;  all  the  reagents  (unless 
otherwise  stated)  being  made  of  such  a  strength  as  to  depress  the 
freezing-point  by  the  same  degree  as  a  0.9  per  cent  sodium  chlorid 
solution.  A  y^  solution  means  that  i  volume  of  the  isotonic  solution 
of  the  salt  was  added  to  9  volumes  of  o.g  per  cent  sodium  chlorid. 
The  intestines  were  removed  immediately  after  the  death  of  the  ani- 
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mal,  cut  in  pieces  about  10  cm.  long,  and  placed  in  Locke's  fluid  at 
38°  C.  Oxygen  was  passed  through  these  solutions  during  the  so- 
journ of  the  intestine. 

Three  sets  of  experiments  lead  to  the  following  conclusions: 

1.  Better  and  more  lasting  movements  were  obtained  with  the  intestines  of 

chloralized  rabbits,  placed  in  oxygenated  Locke's  fluid  with  the  addition 
of  blood,  than  with  those  of  morphinized  rabbits  when  placed  in  non- 
oxygenated  solutions.  With  the  former,  vermicular  movements  continued 
over  two  hours.     In  the  absence  of  oxygen  they  are  quickly  arrested. 

2.  Oxygen  greatly  improves  the  movements, 

3.  Vermicular  movements  were  obtained  in  sodium  citrate,  sulphate,  chlorid, 

and  Locke's  fluid,  in  this  order  (the  movements  being  strongest  and  most 
persistent  in  Locke's  solution,  least  in  the  citrate).  2^  per  cent  NaCI 
also  causes  vermicular  movements. 
In  some  cases  the  movements  in  the  citrate  and  sulphate  were  arrested  in  a 
short  time,  the  intestine  becoming  relaxed  and  responding  poorly  to  pinch- 
ing.    Replacement  in  Locke's  solution  caused  recovery. 

4.  Tetanic  contracture,  preceded  by  vermicular  movement,  was  observed  in 

I  per  cent  thorium  nitrate  in  sodium  citrate,  made  isotonic  with  NaCI ;  in 
■^  per  cent  BaClj ;  and  in  i  per  cent  thorium  nitrate  made  isotonic  with 
NaCI. 

The  eifect  was  weakest  with  thorium  sodium  citrate,  strongest  with  the  thorium 
nitrate ;  barium  being  intermediate. 

The  pieces  which  had  been  in  the  barium  or  thorium  sodium  citrate,  when  re- 
placed in  Locke's  fluid,  relaxed  and  resumed  the  vermicular  movements. 
Those  which  had  been  in  thorium  nitrate  remained  contracted  in  Locke's 
fluid,  being  apparently  coagulated. 

5.  The  vermicular  movements  provoked  by  Locke's  fluid,  sodium  chlorid,  sul- 

phate or  citrate,  or  2^  per  cent  sodium  chlorid;  as  also  the  tonic  con- 
tracture produced  by  barium  chlorid  or  thorium  sodium  citrate,  are 
arrested  when  the  pieces  are  transferred  to  Vs  CaCl, ;  -^  MgCli ;  iso- 
tonic MgCIj. 

The  movements  resume  when  the  pieces  are  placed  in  Locke's  fluid. 

The  contraction  produced  by  thorium  nitrate  is  not  relieved  by  these  solutions. 

6.  Urea  causes  at  first  vermicular  movement,  then  tetanic  contraction,  then 

relaxation  and  stoppage  of  movements.    These  resume  in  Locke's  fluid. 

7.  Distilled  water  arrests  the  movements,  and  these  do  not  resume  in  Locke's 

fluid. 

It  appears   from  these  results  that  sodium  citrate   produces  ver- 
micular movements;   thorium  sodium  citrate,  vermicular  movements 
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followed  by  tonic  contraction  ;  with  thorium  nitrate,  this  passes  into 
coagulation. 

Action  OH  bacteria.  —  Thorium  nitrate  has  some  bactericidal  action ; 
the  double  citrate  little,  if  any.  It  is  not  possible  to  say  what  part 
of  the  action  of  the  nitrate  is  due  to  the  thorium,  and  what  part 
to  the  acidity. 

Action  en  mould.  —  Mould  developed  readily  in  solutions  containing 
2\  per  cent  of  thorium  citrate,  but  it  was  never  observed  in  i  per  cent 
thorium  nitrate  when  dissolved  in  distilled  water. 

Bxpeiiin«nts  on  intact  fros>.  —  These  experiments  are  shown  in 
Table  III.  When  the  nitrate  ts  injected  hypodermically  (or  rather 
into  the  dorsal  lymph  sac),  there  is  considerable  local  irritation,  and 
probably,  as  a  result  of  this,  some  increase  of  respiration,  which  be- 
comes more  labored.  Later,  the  respiration  is  slowed,  and  the  animal 
may  be  more  or  less  paralytic.  Commonly,  however,  there  are  few 
symptoms.  The  animals  to  which  the  dry  nitrate  was  administered 
by  stomach  (by  wrapping  it  in  tissue  paper  and  forcing  this  down  the 
ossophagus)  also  showed  but  little  effect  until  death  occurred,  after  a 
variable  period.  On  autopsy  the  intestines  were  found  congested, 
sometimes  with  hemorrhages;  but  this  observation  is  probably  with- 
out significance,  for  a  "red  leg"  epidemic  prevailed  when  these  ex- 
periments were  made  (March,  1904),  so  that  some  control  animals 
showed  identical  lesions  (No.  11),  whilst  they  were  absent  in  one  of 
the  thorium  frogs  (No.  9). 

The  dose  of  thorium  which  proves  acutely  fatal  is  quite  high.  The 
frogs  were  not  weighed,  but  accepting  the  average  weight  as  30  gm., 
the  acutely  fatal  dose  may  be  represented  as 

Per  frog.        Per  gram  of  body  weight 

Thorium  nitrate,  lymph  sac  I  >  "  T.^"  >°-^  "^S" 

'  '    '^  f  <ioo  "  <3 

mouth  >  10  "  >o,3    " 

Thorium  sodium  citrate  by  lymph  sac  >i8.75  mg.  >o.6   " 

As  will  be  seen,  a  considerable  proportion  of  the  frogs  died  some 
days  after  the  administration  ;  but  it  is  doubtful,  on  account  of  the 
epidemic,  whether  this  delayed  fatality  can  be  ascribed  to  the  thorium. 

Bffeota  of  Intravaaonlar  liij«otlou«  of  thorinm  iiitr*te  solntlonB  on  ttie 
dog.  — The  animals  were  anesthetized  with  morphine  and  ether,  and 
arranged  for  blood-pressure  tracings,  etc.  The  injections  were  made 
into  the  distal  end  of  the  femoral  artery  (six  experiments)  or  into  the 
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cardiac  end  of  the  femoral  vein  (twelve  experiments).  Five  animals 
were  used. 

The  arterial  injections  produced  either  no  effect,  or  slight  increase 
of  heart  rate,  blood  pressure  and  respiration.  In  one  case  there  was 
also  some  diuresis,  in  the  others  not.  Even  very  large  doses  (two 
injections,  each  of  0.084  g™-  P^""  kg..  Dog  3)  did  not  lower  the  blood 
pressure  or  result  in  other  deleterious  effects  within  several  hours. 

The  intravenous  injections  either  produced  effects  entirely  analogous 
to  those  of  the  arterial  injections,  i.  e.,  mainly  negative  ;  or  prompt 
arrest  of  the  heart,  followed  closely  by  arrest  of  respiration.  The 
quantity  necessary  for  this  result  was  variable,  but  generally  in  in- 
verse ratio  to  the  concentration  and  to  the  rapidity  of  injection.  The 
smallest  fatal  quantity  is  recorded  in  Dog  3,  namely  0.0084  g^^-  pc 
kg.,  injected  as  0,6  per  cent  solution,  in  one-fourth  minute.  A  pre- 
vious injection  of  the  same  dose  of  the  same  solution,  but  extended 
over  four  minutes,  had  no  effect.  The  largest  non-fatal  intravenous 
injection  was  observed  in  Dog  4,  namely,  O.OHgm.  per  kg.,  as  6  percent 
solution,  extended  over  one  minute.  The  autopsies  showed  a  very 
dark  appearance  of  the  blood,  intestinal  congestion,  and  acute  con- 
gestive nephritis. 

The  fatal  result  is  to  be  explained  by  intravascular  clotting,  which 
generally  involves  the  heart  when  the  injection  is  made  into  the 
veins.  This  will  not  occur  if  dilute  solutions  are  used,  or  if  the  in- 
jection is  made  slowly,  since  thorium  is  soluble  in  excess  of  blood. 
The  arterial  injection  also  causes  coagulation,  but  this  is  confined  to 
unim]>ortant  areas. 

Immediate  effects  of  the  intravenous  injection  of  thorium- sodium  cit- 
rate and  of  sodium  citrate. —  The  injections  were  made  into  the  car- 
diac end  of  the  femoral  vein  of  anesthetized  dogs.  The  solution  used 
consisted  of  the  standard  thorium  sodium  citrate  (2.5  per  cent  tho- 
rium nitrate,  t.S8  per  cent  of  anhydrous  sodium  citrate),  and  sodium 
citrate  solution  isotonic  with  i  per  cent  NaCl  (2.737  P^f"  ^^^^  of 
anhydrous  citrate) ;  in  some  of  the  experiments  a  sodium  citrate  solu- 
tion of  1.88  per  cent  was  used.  The  number  of  the  experiments  and 
the  dosage  will  be  found  in  Table  IV. 

The  effects  were  practically  identical  for  the  two  solutions,  so  that 
it  may  be  concluded  that  thorium  has  no  effect  on  the  circulation  or 
respiration. 

Both  the  thorium  and  the  sodium  citrate,  in  sublethal  doses,  cause 
a  moderate  fall  of  blood  pressure,  with  rapid  recovery  and  rise  above 
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normal.  The  heart  rate  was  somewhat  quickened.  The  respiration 
was  increased,  either  in  rate  or  depth,  then  depressed.  Muscular 
twitchings  occurred. 

No  acute  fatality  occurred  with  the  thorium  solution.*  Indeed,  the 
results  indicate  that  it  lessens  the  toxicity  of  the  sodium  citrate;  but 
the  latter  appears  so  variable,  depending  on  the  rate  of  injection,  that 
the  results  are  not  absolutely  conclusive.  Fatal  doses  of  sodium 
citrate  cause  arrest  of  respiration,  followed  promptly  by  stoppage  of 
the  heart. 

The  autopsy,  with  both  solutions,  showed  strong  congestion  and 
hemorrhages  in  the  intestine.  This  cannot  therefore  be  referred  to 
the  thorium. 

The  usual  results  are  illustrated  by  the  following  protocols: 

Thorium  Sodium  Cttrate  Injections. 

Dog  7.  —  Weight,  7.5  kg.    The  animal  exhibits  convulsive  movements. 
9.41  A.M.     Pressure,  117  mm.  of  Hg. ;  heart,  izo  per  minute. 
9.45  lo  9.46.    First  injection  ai'A^atMxa  sodium  citrate,  30c.c.  =  o.5gm. 
of  thorium  nitrate. 

The  pressure  falls  25  mm.  during  the  injection,  but  recovers  rapidly. 
Pressure  at  9.47  =  107  ;  at  9.50  =  123. 

9.50  to  g.53.     Second  injection.  29  c.c.  =  0.725  gm. 

The  pressure  again  foils  rapidly  by  r8  mm.,  and  shows  little  tendency 


957.    Pressure,  95  ;  heart,  120. 

10.09.    Pressure,  81;  heart,  140, 

lo.i  I  to  10,13,     Third  injection,  50  c.c  =  1.25  gm. 

The  same  phenomena  are  repeated. 

10.12.    Pressure,  64. 

10. 14^  to  10.16^.    Fourth  injection,  50  c.c.  =  1.25  gm. 

This  causes  a  slight  rise  of  pressure. 

10.16.    Pressure,  78. 

10.17  to  10.18J.     Fifth  injection,  51  c.c.  =  1.275  ^^■ 

This  produces  practically  no  effect ;  it  is  followed  by  a  slight  rise. 

la.'^o.    Press'ire,  88;  heart,  112. 

10.3010  10. 3J.    Sixth  injection,  50  cc.  ^  1.25  gm. 

The  result  agrees  with  the  fifth  injection. 

10.44.    Pressure,  107;  heart,  140. 

10.44  to  10.47.    Seventh  injection,  50  c.c.  =■  1.25  gm. 

The  result  agrees  with  the  fifth  and  sixth  injections. 

The   convulsive    movements    were   increased    by    the    injections,   but 


Digitized  by  Google 


50  Torald  SoUmann  and  E.  D.  Brown. 

readily  controlled  by  ether.  The  lespiraiions  increased  during  each 
injection. 

The  animal  received  in  all  300  c.c.  of  solution  =  7.5  gm.  of  ihorium 
nitrate,  of  1  gm.  per  kg.,  and  0.74  gm.  per  kg.  of  sodium  citrate,  without 
any  material  effect. 

The  wound  was  sutured,  but  the  animal  died  during  the  night.  The 
intestines  were  found  hemorrhagic ;  but  little  significance  can  be  attached 
to  this,  since  dogs  8  and  9,  injected  with  sodium  citrate  alone,  showed 
similar  appearances.  These  may  have  been  associated  with  the  presence 
ot  animal  parasites. 

Sodium  Citrate  Injection. 

DoK  9.  Weight  8  kg.  9.27A.M.:  Pressure,  108;  heart,  no;  respira- 
tion, 30;  at  9.30,  respiration,  16. 

9.30  to  9.32J.  First  injection^  50  c.c.  of  sodium  citrate  solution, 
a. 737  per  cent.  The  blood  pressure  at  first  rose,  then  descended  dur- 
ing the  injection;  afler  the  injection  it  showed  a  further  rise.  The 
heart  was  markedly  quickened. 

9.31^.    Heart,  160. 

9.35.    Pressure,  127;  respiration,  15, 

9-3Si  to  9.40.  Second  injection,  Soc.c.  The  pressure  fell  to  70;  pulse 
waves  lowered. 

9.41.    Pressure,  88  ;  respiration,  10,  regular,  very  deep. 

9.43.  Pressure,  94:  rhythmical  twitchiogs  of  muscles  at  rate  of  120 
per  min. 

9.45.     Respiration,  16,  deep, 

9.46^10  9.51!.  J^ird  injection,  150  c.c.  This  caused  a  moderate 
&U  of  blood  pressure ;  the  respiration  was  at  first  slowed,  but  quickened 
during  the  injection.  The  pressure  recovered  promptly  after  the  injection 
was  stopped;  the  respiration  remained  quickened. 

9474.    Respiration,  10,  very  deep, 

9.49.     Heart,  120;  twitchinga  have  partly  disappeared. 

9.514-    Respiration,  30. 

10.00.  Pressurc,94;  heart,i34;  respiration,  ao,  very  deep.  Fibrillary 
twitching  of  muscles. 

lo.oii  to  ro.054.  Fourth  injection,  300  c.c.  The  injection  had  at 
first  very  little  effect ;  but  soon  the  respiration  became  irregular,  then 
slowed,  then  stopped  (io.6i).  The  pressure  showed  a  strong  asphyxial 
rise  and  then  the  fall  to  zero.  Artificial  respiration,  inaugurated  at  10.7, 
did  not  save  the  animal. 

Including  the  third  injection,  the  animal  had  received  6.S43  gm.  of 
sodium  citrate  (=  0.855  S^-  P^""  ^S-)  without  serious  effect.  The  fourth 
injection,  making  a  total  of  1.540  gm.  per  kg.,  proved  fatal. 
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IiBte  effeota  of  the  IntravMiona  loj«otioii  of  thorium  sodium  citrate  and 
of  sodlnm  oltrate.  —  Although  the  injection  of  thorium  sodium  citrate 
is  practically  devoid  of  any  immediate  serious  results,  the  animals 
are  commonly  severely  depressed  for  some  hours  or  days  after  the 
injection,  and  many  succumb  with  ill-defined  symptoms  within  the 
first  twenty-four  hours  ;  but  those  which  recover  and  survive  for  a 
period  of  three  days  live  for  an  indefinite  time.  They  are,  however, 
subject  to  disturbances  of  nutrition,  frequently  connected  with  severe 
ulceration  of  the  mouth,  which  greatly  aggravates  the  condition.  The 
animals  became  excessively  emaciated  and  very  miserable,  and  had 
to  be  killed  on  this  account. 

The  autopsy  of  the  survived  animals  is  practically  negative  for 
doses  corresponding  to  less  than  0.5  gm.  of  thorium  nitrate  =0.376 
gm.  of  sodium  citrate  per  kg.  This^  dose  is  generally  fatal ;  but  of 
the  three  animals  which  survived,  two  (Nos.  14  and  19)  showed  a 
remarkable  deposition  of  calcareous  material,  described  in  detail 
under  Dog  14.  These  dogs  exhibited  the  buccal  ulceration  in  ex- 
treme degree.  Attempts  to  reproduce  these  conditions  failed  on 
account  of  the  great  acute  mortality  ;  the  only  animal  which  survived 
(No.  23)  did  not  show  the  cfTects.  We  cannot,  therefore,  be  certain 
whether  the  ulceration  and  calcification  were  caused  by  the  injec- 
tions or  whether  they  were  merely  coincidences.  We  are  also  uncer- 
tain as  to  how  far  the  effects  were  attributable  to  the  thorium,  and 
how  far  to  the  citrate.  Attempts  were  made  to  execute  control  ex- 
periments with  sodium  citrate  alone,  but  most  of  the  animals  died 
during  the  injection.  Only  three  survived,  a  number  too  small  for 
definite  conclusions.  Their  behavior  and  symptoms,  however,  im- 
pressed us  with  the  opinion  that  the  effects  of  the  thorium  sodium 
citrate  injections  are  referable  mainly,  if  not  solely,  to  the  sodium 
citrate  rather  than  to  the  thorium. 

The  fatality  of  the  injections  may  be  gathered  from  Table  IV, 
With  the  sodium  thorium  citrate  solution,  r  gm.  of  thorium  nitrate 
and  0.74  gm.  of  sodium  citrate  did  not  cause  death  within  some 
hours.  The  smallest  dose  which  proved  fatal  within  one  day  con- 
tained, per  kg,  0.33  gm,  of  thorium  nitrate  and  0.28  gm.  of  sodium 
citrate;  the  largest  dose  which  was  not  fatal  in  a  day,  contained  0.5 
gm.  of  thorium  nitrate  and  0.376  gm.  of  thorium  citrate.  With  pure 
sodium  citrate,  the  smallest  acutely  fatal  dose  equalled  0.064  gm- 
The  largest  dose  which  did  not  prove  acutely  fatal  was  0.855  »"<•> 
0.376  gm.  was  survived  for  33  days.  These  doses  are  calculated  per 
kilogram  of  body  weight. 
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TABLE 

V. 

Fatalitv  from  I^ 

TKA VENOUS   iNJSCTIUNS 

Arianoed 

Y  AscRNoiNo  Doses 

(Grams  per 

Ko-J. 

noriim  Sodium  Citrate. 

Animal : 

DoM  j>er  kg 
Thoriom 

Nitraie 

Sodium         Death 
Citrate 

Killed    Caldfication 

Buccal  Ulce 

Dog  .0 

0.25 

0.188 

6  days 
50    " 

none 

none 
present 

"    13 

" 

"                  

35    " 

" 

none 

"    18 

"                  

27     " 

" 

" 

"    30 

0-33 

o.a8               

27    " 

" 

"    31 

iday 

"    «5 

0.44 

0.32            2  days 

Cat     I 
Dog    7 


Animal 
Dog  12 


:  per  kg. 
064 


540 


I  day 

Sodium  atr 
Death 
immediate 


Not  immediately 
immediate 


immediate 
Not  immediately 
immediately 


Killed    Calcification  Buccal  Ulcers 


45  days 


33  days 


none 
present 


The  cakificatioH  and  buccal  ulceration. —  This  was  most  conspicuous 
in  Dog  14 ;  the  protocol  of  the  experiment  follows : 
Frotoool  of  exparlmant  on  Dog  14  (showing  the  calcification).  —  Received 
0.5  gm.  of  thorium  nitrate  and  0.376  gm.  of  sodium  citrate  per  kg.  in- 
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travenously.     Two  and  one-half  hours  later  the  animal  appears  very 

sick  and  vomits. 

Next  (second)  day,  very  sick;  respiration  hurried  (62),  with  expiratory 
grant.     Heart,  laS  ;  temperature,  37,8.     The  urine  dribbles  constantly. 

Animal  is  hardly  able  to  stand  and  refuses  food. 

Third  to  fifth  days.  Progressive  improvement.  Urine  controlled,  takes 
first  water,  later  food,  with  relish.     Occasional  retching. 

Seventh  day.    Has  eaten  nothing  since  fifth.     Nauseated  and  retching. 

Eleventh  day.  Eats  again,  vomiting  and  retching  present,  but  less 
frequent. 

Twenty-first  day.   Foul  ulcer  on  lips  and  gums,  which  becomes  worse. 

Twenty-fourth  day.   Killed. 

Autopsy.  —  White,  hard,  apparently  calcareous  deposits  are  widely 
distributed.  They  occur  under  the  parietal  and  visceral  peritoneum,  in- 
cluding the  under  surface  of  the  diaphragm ;  beneath  the  serosa  of  the 
intestines  and  appendix,  following  the  course  of  the  vessels  ;  also  on  the 
gall-bladder,  none  on  the  liver.  I'he  mucous  folds  of  the  stomach  are 
Ailed  with  this  material,  contained  especially  in  the  submucous  layer,  the 
walls  being  very  much  thickened,  especially  at  the  pyloric  end  and  ap- 
pearing as  if  filled  with  earthworms.  Four  small  erosions  extend  through 
the  mucosa  to  the  muscularis.  The  mucosa  of  the  intestine  appeared  nor- 
mal, perhaps  slightly  thickened.  The  deposit  was  abundant  in  both 
lungs,  and  extended  over  the  vena  cava,  pericardium,  and  parietal  pleura ; 
in  the  heart  it  follows  the  course  of  the  coronary  arteries.  _  It  is  absent 
from  the  valves. 

The  mouth  exhibits  large  necrotic  areas  on  both  lips,  and  numerous 
foul  ulcers  on  the  tongue. 

Tlie  chemical  examination  of  the  deposits  shows  the  absence  of  thorium 
and  the  presence  of  an  abundance  of  calcium. 

Specimens  were  saved  for  microscopic  examination,  but  were  lost 
through  an  unfortunate  accident. 

The  introduction  of  thorium  nitrate  by  stomach  tube  into  dogs  (two 
experiments)  does  not  produce  vomiting  or  any  other  immediate  or 
late  effects,  even  in  doses  of  1.25  gm.  In  rabbits  (two  animals)  it  is 
similarly  ineffective,  with  a  dose  of  1  gm.  per  kg.,  or  with  0.5  gm.  per 
kg.,  repealed  four  times  at  intervals. 

The  hypodermic  injection  of  thorium  nitrate  into  a  rabbit  causes 
severe  local  sloughing  and  slowly  healing  ulcers,  but  no  systemic 
effects,  in  the  dose  of  0.2  gm.  per  kg.  Another  animal  died  thirty- 
six  days  after  the  injection  of  i  gm.  per  kg.;  but  in  view  of  the 
general  negative  results,  the  death  can  scarcely  be  referred  to  the 
systemic  action  of  the  thorium. 
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The  intraperitoneal  injection  of  thorium  nitrate  into  two  rabbits,  io 
doses  of  0.5  and  i  gm.  per  kg.,  kills  in  three  to  seven  days,  with  the 
phenomena  of  peritonitis.  This  is  the  probable  cause  of  death, rather 
than  by  any  systemic  actions. 

The  intramuscular  injection  of  thorium  sodium  citrate,  —  A  dose 
porresponding  to  0.25  gni.  of  thorium  nitrate  per  kg.  produced  »evere 
diarrhoea,  but  no  other  effect  for  fiourteen  days,  when  the  rabbit  sick- 
ened, dying  on  the  sixteenth  day.  Since  the  animal  had  been  kept  in 
the  laboratory  for  over  four  months,  and  used  during  this  time  for 
many  experiments,  the  death  cannot  with  certainty  be  ascribed  to 
the  thorium. 

The  toxicity  of  thorium.  —  Deaths  resulting  from  the  administration 
of  thorium  cannot  readily  be  referred  to  the  metal;  for  when  the 
nitrate  is  used,  the  strictly  local  actions  must  be  considered ;  whilst 
the  double  citrate,  which  is  free  from  this  objection,  raises  the  ques- 
tion of  the  apparently  greater  toxicity  of  sodium  citrate. 

In  fact  we  did  not  encounter  a  single  instance  in  which  we  felt 
justified  in  referring  death  to  the  systemic  action  of  thorium.  The 
toxic  dose  of  thoriuhi  can  therefore  only  be  stated  as  greater  than 
the  largest  quantity  which  we  administered,  and  which  did  not  cause 
death,  namely  {calculated  as  thorium  nitrate,  gm.  per  kg.  of  body 
weight) : 

Thorium  Nilrale.  Thorium  Sodium  Citrate. 


Frog,  stomach 

Lymph  sac 
Dog,  artery    .     . 

Vein       .     . 

Stomach 
Rabbit,  stomach 

Muscles     . 


Frog,  lymph  sac 


V.  Conclusions. 


1.0  gm.  (immediately) 
0.5  gm.  (after  a  day) 


Thorium  resembles  aluminum  closely  in  its  chemical  and  pharma- 
cological actions. 

The  precipitation  reactions,  the  solubility  of  the  precipitates,  and 
the  prevention  of  the  precipitation  by  various  substances,  are  detailed 
in  the  text.  The  formation  of  double,  non-precipitable  salts  with 
certain  organic  salts  and  proteids  is  particularly  interesting,  and  was 
investigated  in  detail  for  citrates  and  tartrates. 

Methods  for  the  quantitative  estimation  of  thorium  were  elaborated 
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and  found  satisfactory  for  pure  solutions,  and  for  thoriuni  added  to 
urine;  but  they  proved  unsatisfactory  when  applied  to  the  recovery 
of  adnUnistered  thorium. 

When  thoriuni  is  given  by  mouth,  it  can  be  discovered  in  the  feces, 
but  not  in  the  urine;  when  it  is  injected  into  the  tissues  or  into  the 
circulation,  it  can  be  demonstrated  in  the  urine,  but  not  in  the  feces, 
indicating  that  it  is  neither  absorbed  nor  excreted  by  the  alimentary 
canal. 

The  excretion  by  the  urine  begins  promptly ;  none  could  be  demon- 
strated after  the  second  day. 

The  failure  of  the  quantitative  method  to  recover  more  than  a  frac- 
tion of  the  thorium  renders  the  conclusions  as  to  absorption  and 
excretion  insecure. 

Thorium  nitrate  has  the  properties  of  an  astringent  irritant.  Its 
solutions  have  an  acid  reaction  and  convert  hemoglobin  into  hematin. 
It  precipitates  proteids  and  blood,  the  precipitate  being  soluble  in 
an  excess  of  these  fluids.  It  does  not  cause  clotting  of  oxalate  plasma. 
It  coagulates  tissues,  but  this  action  is  superficial,  the  excitability  of 
frog's  gastrocnemius  or  cardiac  muscle  being  scarcely  affected,  even 
by  10  per  cent  solution.  Excised  intestine  is  at  first  stimulated  to 
vermicular  movements,  then  coagulated.  Thorium  nitrate  is  anti- 
septic. It  has  a  pronounced  astringent  taste,  and  contracts  the 
mesenteric  vessels  on  local  application.  Its  injection  causes  only  local 
effects,  according  to  the  site  of  injection  ;  subcutaneousty,  sloughing ; 
intraperitoneaily,  peritonitis;  intravenously,  death  by  intravascular 
coagulation.  Its  toxicity  is  very  low,  rabbits  surviving  1.0  gm.  per 
kilo  of  body  weight  by  stomach  ;  dogs,  0.084  g">-  P"  ^%'  by  artery  ; 
frogs,  0.6  gm.  per  kg.  by  lymph  sac. 

The  precipitant,  astringent,  and  other  irritant  effects  of  thorium 
nitrate  can  be  avoided  by  dissolving  it  in  a  solution  of  sodium  citrate. 
This  solution  produces  effects  analogous  to  simple  sodium  citrate. 

The  thorium  sodium  citrate  has  little  if  any  effect  on  bacteria  or 
mould.  It  slows  the  action  of  cilia.  It  does  not  diminish  the  excita- 
bility  of  muscle  or  nerve  (counteracting  the  citrate  depression).  It 
lessens  the  contractility  of  skeletal  muscles  (counteracting  the  vera- 
trin  action  of  the  citrate).  Its  direct  application  to  the  heart  does  not 
cause  marked  depression  (again  counteracting  the  citrate).  Its  intra- 
venous injection  affects  the  blood  pressure,  heart,  and  respiration  but 
slightly,  and  in  the  same  direction  as  sodium  citrate  ;  but  the  toxicity 
of  the  latter  appears  to  be  largely  decreased.    Very  large  doses  may 
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be  given,  corresponding  to  i  gm.  of  thorium  nitrate  per  kg.  of  body 
weight.  With  these  large  doses,  however,  the  animal  may  die  after 
some  hours,  with  lesions  of  hemorrhagic  enteritis,  presumably  refer- 
able to  the  citrate.  Animals  which  survive  the  large  doses  are  apt  to 
suffer  with  disturbed  nutrition,  and  perforating  ulcers  of  the  mouth 
and  cornea,  and  in  some  cases  exhibited  a  curious  calcification  of 
organs.  It  was  not  possible  to  decide  in  how  far  these  late  effects 
were  attributable  to  the  thorium  or  citrate,  or  accidental. 
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PRELIMINARY  OBSERVATIONS  ON  THE  POISONOUS 
ACTION   OF  THORIUM. 

By  ARTHUR   F.  CHACE  and  WILLIAM  J.  GIES. 

[l-rem  Ike  Laboratery  af  Binlogua!  Chemistry  of  ColumHa   l/nhieriity,  at  the 
Colltgt  Bf  Physicians  and  Surgeons,  Niw    Yivi.] 

Introduction. 

SEVERAL  years  ago  the  senior  author  began  in  this  laboratory  a 
series  of  studies  of  the  toxicological  effects  of  rare  elements.  The 
first  publications  in  this  connection  gave  the  results  of  an  inquiry  into 
the  prisonous  effects  of  tellurium.'  Subsequent  communications  have 
presented  data  pertaining  to  the  toxic  influences  of  compounds  of  sele- 
nium,^ radium,^  cerium,*  and  several  other  rare  elements.*  Further 
studies  are  in  progress. 

'  GiEs:  Philadelphia  medical  journal,  1901,  vii,  p.  566,  and  the  Therapeutic 
monthly,  [90Z,  ii,  p.  1441  Mead  and  GiHS :  American  journal  of  physiology, 
1901,  V,  p.  104-,  GiES  and  collaborators:  Biochemical  researches,  1903,  i,  p.  40, 
and  Reprints  Nos.  zo,  ii,  and  zz. 

^  Woodruff  and  Gies  :  Proceedings  of  the  American  Physiological  Society, 
1901,  American  journal  of  physiology,  1902,  vi,  p.  xxix;  GiES  and  collaborators  ; 
Biochemical  researches,  1903,  i,  p.  58. 

'  GlES  and  collaborators  :  Proceedings  of  the  Society  for  Experimental  Riology 
and  Medicine,  1905,  ii.  p.  H6  ;  also  Proceedings  of  the  Section  of  Biological  Chem- 
istry of  the  American  Chemical  Society  in  affiliation  with  Section  C  (chemistry)  of 
the  American  Association  for  the  Advancement  of  Science,  1905 ;  Science,  1906, 
xjtiii,  p.  331,  and  Proceedings  of  the  American  Association  for  the  Advancement  of 
Science,  1906,  tv.  p.  326;  Ber(;  and  Welkeb  :  Journal  of  biological  chemistry, 
1906,  i,  p.  371  ;  Burton-Opitz  and  Meyer  :  Journal  of  experimental  medicine, 
190*5,  viii,  p,  Z45;  Meyer:  Journal  of  biological  chemistry,  1907,  ii,  p.  461; 
Meyer  and  Salaxt  :  Proceedings  of  the  Section  of  Biological  Chemistry  of  the 
American  Chemical  Society  in  affiliation  with  Section  C  (chemistry)  of  the 
American  Association  for  the  Advancement  of  Science,  1906 ;  Science,  1907.  xxv, 
p.  459;  Gagek,  /did.,  p.  46Z. 

*  Baehr  and  Wessler  :  Proceedings  of  the  Section  of  Biological  Chemistry 
of  the  American  Chemical  Society  in  affiliation  with  Section  C  (chemistry)  of  the. 
American  Association  for  the  Advancement  of  Science,  1906;  Science,  1907,  xxv, 
p.  455.  This  communication  includes  comparative  observations  on  neodymium, 
praseodymium,  lanthanum,  and  thorium  oxalates, 

*  Ksox  and  Welker  :  /h'ti.,  p- 46t.  This  report  gives  data  pertaining  to 
effects  on  the  growth  of  seedlings.     Compounds  of  the  following  rare  elements 
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In  January,  1901,  shortly  before  the  publication  of  the  results  ob- 
tained with  tellurium,  and  immediately  after  the  completion  of  our 
study  of  "ureine,"^  we  together  began  the  experiments  with  thorium 
that  are  described  below.  Our  attention  was  drawn  to  thorium  at 
that  time  by  various  discussions  of  its  radioactivity,  which  had  been 
discovered  about  two  years  previously.*  The  possible  importance  of 
radioactivity  and  radioactive  elements  from  a  pharmacological  stand- 
point stimulated  our  inclination  to  Undertake  this  work,  which  seemed 
to  be  called  for  at  that  time  especially,  because  little  or  no  information 
had  been  acquired  in  this  connection. 

Our  experiments  were  started  while  the  thorium  of  Berzelius  was 
still  universally  regarded  as  an  individual  element.^  Our  work  in 
collaboration  was  discontinued  in  May,  1901,  after  learning  of  Basker- 
ville's*  and  Brauner's^  announcements  that  the  thorium  originally 
described  by  Berzelius  uras  a  mixture  of  elements.  We  planned,  how- 
ever, promptly  to  resume  our  work  in  this  connection  with  a  study  of 
the  toxicology  of  the  new  thorium  and  also  of  benseliutn  and  caro- 
linitim,  names  that  Baskerville^  has  applied  to  two  elements  asso- 
ciated with  the  new  thorium  in  the  old  thorium,  but  thus  far  this 
intention  has  not  been  realized.'  Because  of  this  purpose,  however, 
we  withheld  publication  of  our  preliminary  results  with  a  chlorid  of 
the  old  thorium. 

Two  years  ago  we  received  from  Professor  Sollmann,  for  presenta- 
tion at  the  February  meeting  (1905)  of  the  Society  for  Experimental 
Biology  and  Medicine,  a  brief  statement  of  results  then  very  recently 
obtained  by  him  and  Dr.  Brown  in  a  study  of  the  pharmacology  of 

were  used:  Berylliuni,  cerium,  cesium,  " didymium,"  erbium,  lanthanum,  neodym- 
ium,  praseodymium,  selenium,  tellurium,  and  yttrium. 

'  Chace  and  Gies;  Medical  record,  1901,  lix,  p.  3291  Gies  and  coll:i'>ora- 
tors  :  Biochemical  researches,  1903,  i,  Reprint  No.  31. 

'  A  rdsumS  of  literature  in  this  connection  was  given  several  years  aeo  by 
BaBkerville :  Journal  of  the  American  Chemical  Society,  1904,  xxvi,  p.  923,  also 
p.  9z6. 

*  References  to  preliminary  doubts  in  this  connection  were  made  about  the 
same  time  by  Baskerville:  Loc.  cit„  p.  926. 

*  Baskerville  :  Science,  1901,  xiii,  p.  837.     Also,  loc.  cit.,  1901,  xxiii,  p.  761. 
>  Brauker  :  Chemiaches  Centralblatt,  1901,  (1),  p.  1036. 

«  Baskerville  :  Journal  of  the  American  Chemical  Society,  1904,  xxvi, 
p.  91Z. 

'  Professor  Baskerville  very  kindly  consented  to  give  us  chemically  pure 
samples  of  compounds  of  these  three  new  elements  at  his  earliest  opportunity. 
He  has  not  yei  been  able  to  supply  them. 
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thorium.^  Professor  Sollmann's  communication  induced  us  to  present 
at  that  meeting,  with  his  results,  the  data  of  our  own  work  in  this 
connection.^  We  thereupon  suggested  to  Professor  Sollmann  that  the 
detailed  results  of  both  researches  be  published  simultaneously,  and 
proposed  to  him  not  only  that  wc  accordingly  delay  publication  of  our 
own  paper  on  the  data  obtained  in  1901  until  he  should  be  ready  with 
his,  but  also  that  further  investigation  of  the  action  of  the  thorium  of 
Berzelius  be  left  entirely  to  him  and  Dr.  Brown.  The  appearance  of 
this  and  the  preceding  paper  in  this  issue  of  the  journal  occurs  in  har- 
mony with  that  understanding.  Pursuant  to  that  proposal  we  have 
made  no  additions  to  our  experimental  data,  and  publish  them  here 
as  they  stood  when  our  work  was  discontinued  in  May,  1901.^  When 
sufficient  supplies  of  chemically  pure  preparations  become  available, 
we  hope  to  take  up,  in  this  laboratory,  the  long-purposed  study  of  the 
toxic  effects  of  the  elements  of  which  the  thorium  of  Berzelius  appears 
to  be  composed.* 

'  Historical. 

When  our  work  was  started,  a  review  of  the  literature  on  the 
toxicology  of  the  heavy  metals  indicated  that,  with  the  exception  of 
a  few  experiments  by  Bokorny,  nothing  had  been  done  to  determine 
the  effects  of  thorium  upon  organisms.  Bokorny'  stated  that  the 
following  forms  of  lower  plants  and  animals  "could  remain  over  a 
week  entirely  unharmed  in  o.i  per  cent  solution  of  thorium  sulfate  " : 
alga,  such  as  spirogyra,  oscillaria,  palm'ella,  and  diatoma;  various 
soSspores ;  and  phanerogamic  plants,  such  as  Vicia  cracca  (tufted 
vetch) ;  also  amoeba  and  infusoria.  Bokorny's  references  to  his 
thorium  experiments  were  very  brief.  Apparently  only  the  strength 
of  solution  referred  to  above  —  o.l  per  cent  Th(S04)3  —  was  em- 
ployed in  his  work. 

In  one  of  our  comparative  studies  of  connective  tissue  glucoproteins 

'  Brown  and  Solluann  :  Proceedings  of  the  Society  for  ExperimCDtat 
Biology  and  Medicine,  1904-05,  ii,  p.  55. 

*  Chace  and  GiES  :  Ibid.t  p.  56- 

'  The  results  were  described  by  Dr.  Chace  in  an  unpublished  thesis  presented 
by  him,  in  1903,  to  the  Faculty  of  Pure  Science,  at  Columbia  University,  in 
partial  fulfilment  of  the  requirements  for  the  degree  of  M.A.  This  thesis  was 
deposited  In  the  Columbia  library. 

*  Baskerville's  observations  on  berielium,  carolinium,  and  the  new  thorium 
have  not  yet  been  confirmed  by  other  investigators. 

*  Bokorny:  Cheiuiker-Zeitung,  1894,  xviii,{i),  p.  1739. 


Digitized  by  Google 


460  Arthur  F.  Chace  and  William  f.  Cies. 

(1900),^  we  found  that  thorium  chlorid  in  aqueous  solution  (5  per  cent) 
precipitated  mucoids^  from  neutral  or  alkaline  aqueous  solutions  of  mu- 
coid (salts),  or  from  opalescent,  acid,  mucoid  suspensions  in  water.  The 
precipitates  thus  produced  were  soluble  in  such  mixtures,  when  treated 
with  an  excess  of  the  reagent,  or  of  neutral  mucoid  (salt)  solution.' 

In  1902,  in  our  study  with  Loeb'  on  the  antitoxic  action  of  ions, 
thorium  (nitrate)  was  used  in  this  connection  as  a  tetravalent  ele- 
ment. We  found  that  thorium  nitrate  exerted  little  if  any  anti- 
toxic effects  on  fertilized  Fundulus  eggs  in  |  w  NaCl  solution.  We  also 
observed  strong  precipitative  effects  of  our  thorium  nitrate  solutions  on 
protoplasm,  as  well  as  distinct,  though  not  very  striking,  toxic  influences 
on  various  fishes;  also  on  both  fertilized  and  unfertilized  Fundulus 
eggs  in  fresh  water  and  in  sea  water.  None  of  the  latter  facts  were 
mentioned  in  the  paper  by  Loeb  and  Gies,^  because  these  observa- 
tions had  no  special  relation  to  the  main  results  of  their  research. 

The  following  data  bearing  on  the  action  of  thorium  are  quoted  for  the 
first  time  from  the  notes  on  the  experiments  by  Loeb  and  Gies  (1902) : 

1,    Direct  aoUoD  of  thorlam  nitrate  on  fertHized  Fiuidulns  eggB. 

Percentage  of  eggs  thit 
Nature  of  Che  solution.  developed  embryos.* 

100  c.c.  of  distilled  water  (control) 17 

100  c.c.  of  distilled  water  +  isV  Th(NO,)*  —  \  c.c.      .     .     24 


100  c.c.        "  "  "  "  16  c.c.      .     .      o 

'  Mead  and  Gtes  :  Proceedings  of  the  American  Physiological  Society,  1901 ; 
American  journal  of  physiology,  1902,  vi,  p.  xxviii.  Also  GiES  and  collaborators : 
Biochemical  researches,  IQ03,  i,  p.  53. 

^  As  thorium  compounds,  presumably.  The  results  have  not  yet  been  pub- 
lished in  detail. 

*  This  fact  indicates  that  any  free  HCl,  that  may  have  been  present,  as  impurity, 
in  our  thorium  chlorid  preparation,  was  too  slight  in  amount  in  these  instances  to 
decompose  the  neutral  salt  of  the  mucoid  that  was  added  in  excess.  The  amount 
of  free   HCl  as  impurity  could  not  have  been  sufficient  to  effect  the  solution 

*  Loeb  and  Gies  :  Archiv  fiir  die  gesammte  Physiologie,  1902,  xciii,  p.  246;  also 
Gies  and  collaborators :  Biochemical  researches,  [903,  i.  p.  47  and  Reprint  No.  29. 

'  Loeb  and  Gies  :  Ibid. 

*  After  removal  from  the  animal  the  eggs  were  immediately  fertilized  in  sea 
water  with  fresh  sperm.  Half  an  hour  later  the  fertilized  eggs  were  lifted  upon  a 
small  strainer  and  quickly  transferred  in  portions  to  the  series  of  solutions. 
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The  eggs  in  the  thorium  nitrate  solutions  were  surrounded  by 
vhite,  opaque,  precipitated  matter,  the  depth  and  density  of  which 
were  moat  marked  in  the  egg,  the  greater  the  concentration  of  sur- 
rounding thorium  nitrate. 

3.  PoHlbiA  antitoxlo  «Seota  of  thoiiom  nitrKt«  on  f«rtillxed  FnndntoB 
•gga  In  ^  M  KaCl  aolntloii. 


In  each 
precipitai 
the  previ 


Natare  ai  Che  solution. 

>o  c.c  of  sea  water  (control) 

i  jw  NaCI  (control) 

■        "    +^5Th(N0,).  — ic-c. 


developed  ei 


of  distilled  water  (control)    .... 

of  J  «  NaCI  (control) 

"        "     +3^5Th(N0,),-ic.c. 


"  "  4C.C. 

of  distilled  water  (control)    .... 

of  S  «  NaCI  (control) 

"    +2  cc.  tWh  Th{N0,)4 

2C.C.  V?D 

of  sea  water  (control) 

of  4  OT  NaCI  (control) 

"        "    +T'?iTh(N0,)<-2C.c, 


4C.C. 
"         "  "  "  8  cc. 

of  sea  water  (control) 

of  S  w  NaCI  (control) 

■   "  "      +TS'lTh(N0,).-3C.C. 

"        "  "  "  4  c.c. 


I  of  the  above  solutions  containing  thorium  nitrate,  white 
ites  surrounding  the  eggs  were  very  conspicuous,  and,  as  in 
vious  series,  the  depth  and  density  of  the  precipitated  layer 

>  This  egg  was  I  of  96.  Nine  days  after  the  beginning  of  the  experiment  de- 
velopment was  rapidly  proceeding.  As  usual,  this  egg  and  those  that  did  not  de- 
velop  were  surrounded  by  white  precipitates. 

'  Three  eggs  developed  in  a  lot  numbering  163.  The  embryonic  growth  did  not 
reach  the  distinctly  pigmented  stage. 


Digitized  by  Google 


462  Arthur  F.  Chace  and  William  J.  Gies. 

varied  with  the  concentration  of  the  thorium  compound.  The  solu- 
tion of  thorium  nitrate  did  not  yield  such  turbidities  or  precipitates 
when  added,  even  in  excess,  to  distilled  water  or  |  m  NaCl  solution. 

Aso^  has  recently  shown  that  thorium  nitrate,  in  proportions  of 
from  10  to  \QO  mg.  per  kilo  of  soil,  failed  to  manifest  any  marked 
action  on  phanerogamic  plants. 


Experimental. 

Thorium  compound  employed.  —  We  used  thorium  chlorid  in  all 
our  experiments.  The  best  product  that  could  be  conveniently  pur- 
chased when  we  began  our  work  was  a  "  C,  P."  Schuchardt  prepara- 
tion, which  seemed  to  have  very  little  free  HCl  in  it  and  apparently 
no  free  chlorin.'  Aqueous  solutions  of  the  product  were  distinctly 
though  not  very  strongly  acid,  —  a  condition  due  chiefly  to  hydrolytic 
dissociation  and  the  consequent  presence  of  the  ions  of  HO. 

Animals.  —  Our  experiments  were  carried  out  on  frogs  and  dogs. 
A  mouse  was  also  used.  The  protocols  of  the  experiments  are  given 
below. 


First  Group  of  Experiments.     On  Cold-blooded  Animals 
(Frogs). 

Only  lively,  vigorous  frogs  were  selected  from  a  large  number 
of  healthy-looking  ones  that  were  available  for  these  experiments. 
During  an  experiment  the  individual  frog  was  kept,  as  a  rule,  in  a 
tall  glass  jar  containing  a  shallow  layer  of  water.  The  latter  was 
changed  several  times  daily,  so  that  the  animal  rested  in  compara- 
tively fresh  water,  and  could  not  be  materially  affected  by  its  own 
excretory  products.  From  time  to  time  during  .an  experiment  the 
animal  was  removed  to  a  wet  glass  plate  under  a  very  large,  slightly 
tilted  bell-jar,  with  aperture  at  the  top,  in  order  to  afford  particularly 
favorable  opportunity  for  observations  of  the  condition  of  the  animal 
when  its   movements  were  relatively  unrestricted.     Each  frog  was 

'  Aso  :  Chemisches  Zentralblatt,  [904,  (a),  p.  49. 

'  The  amount  of  water  of  crystallization  in  thorium  chlorid  prepAnitions  differs 
coDsiderabty.  There  is  decided  disagreement  among  the  figures  for  composition 
of  thorium  chlorid  products  that  have  been  obtained  under  approximately  equal 
conditions  by  different  investigators.  Our  product  probably  had  the  composition 
indicated  by  the  formula  ThCl,  ■  7HjO,  and  was  doubtless  prepared  by  the  method 
described  by  Kriiss  [Chemisches  Zentralblatt,  1897,  (zj,  p-  252]- 
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kept  under  observation  during  a  preliminary  period  for  determination 
of  its  condition,  peculiarities,  if  any,  etc.,  before  an  experiment  was 
begun. 

Unless  statements  appear  to  the  contrary,  each  dose  of  thorium 
chtorid  wa3  dissolved  in  i  c.c.  or  less  of  water. 

BarlaB  I.  ZUTeota  of  •Dbcatonvoa*  Injootlon.  —  In  all  of  these  experi- 
ments the  dose  of  thorium  chlorid  was  injected,  at  a  point  high  up 
the  back,  into  a  lymph  sinus.  It  was  thus  impossible  for  any  portion 
of  the  dose  to  leave  the  body  through  the  minute  opening  made  by 
the  needle,  whether  the  animal  remained  in  a  sitting  position  or 
hopped  about. 

ExpertMenl  1.  — Weight  of  the  frog,  25  gm.  Three  doses,  5  mg.  each,  were 
iDJectcdat  10.35  A- H.,  11.35  '^-  ''<*>  ^'^^  i^-35  p-^-i  without  eliciting  any 
observable  symptoms,  except  moderate  excitement  for  a  few  minutes  each 
time  after  the  conclusion  of  the  operation.  The  animal  was  under  ob- 
servation for  a  week  afterward  (see  Experiment  8).  Total  dosei}^^  mg.) 
per  gram  of  body  weight  was  0.5  mg. 

Experiments.  —  Weight  of  the  frog,  16  gm.  One  dose,  1  gm.,  at  t.y>  P.  M. 
The  skin  in  the  immediate  vicinity  of  the  point  of  injection  rapidly  as- 
sumed a  shninken  appearance  and  soon  became  dry.  Stupor  appeared  at 
once  and  the  animal  sat  with  eyes  closed.  2.50.  Irritability  diminishing. 
Muscles  set  and  weak.  When  the  legs  were  puiled  out,  several  minutes 
elapsed  before  they  were  drawn  back  again  to  their  usual  position.  When 
turned  upon  its  back,  the  frog  could  not  right  itself.  Shrivelled  and 
anhidrotic  condition  of  skin  increasing.  3.00.  AH  power  of  co-ordinated 
voluntary  movements  lost.  Tapping  the  nose  failed  to  arouse.  3.30. 
Completely  prostrated.  Could  be  aroused  only  by  introducing  a  probe 
deeply  into  a  nostril.  3.50.  Corneal  refleit,  as  well  as  all  other  reflexes, 
abolished.  4-05.  Dead.  Lived  one  hour  and  thirty-five  minutes  after 
dosage.  Dose  (i  gm.)  per  gram  of  body  weight  was  62  mg.  Post 
mortem.  Subcutaneous  tissue,  wherever  the  thorium  chlorid  extended, 
was  hard  and  yellowish  white.  Heart-beats  could  be  induced  by  mechani- 
cal stimulation.     All  organs  appeared  to  be  normal. 

Experiment  S.  —  Weight  of  the  frog,  13  gm.  One  dose,  0.5  gm.,  at  3.25  p.  m. 
3.30.  Marked  loss  of  activity.  When  turned  on  its  back,  the  animal 
remained  in  that  position  for  some  time  before  righting  itself.  Eyes 
closed.  Occasionally  attempted  to  jump,  but  moved  only  slightly. 
When  on  its  back  slight  twitchings  of  the  abdominal  muscles  were  notice. 
able.  All  the  muscles  in  a  spastic  condition.  3.50.  When  turned  on 
its  back  was  unable  to  right  itself.  Skin  dry  and  shrunken  about  point  of 
injection.     4.Z0.  Complete  loss  of  motor  power.     Conjunctival  reflex 
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faintly  elicited.  Slight  movement  of  legs  when  probe  was  placed  in  the 
nose.  4'45-  Only  sign  of  life  was  a  slight  movement  of  the  legs  when 
the  nares  were  irritated.  4.50.  Dead.  Lived  one  hour  and  twenty-five 
minutes  after  dosage.  Dose  (0.5  gm.)  per  gram  of  body  weight  was 
39  mg.  Post  mortem.  Same  results  as  those  of  Experiment  3. 
Experiment  4-  — ^  VVeight  of  the  frog,  13  gm.  One  dose,  0.35  gm.,  at  10.15  a-m. 
Activity  at  once  diminished.  Eyes  nearly  closed.  10.25.  ^'"^  ^^  ^""^ 
shrunken  about  point  of  injection.  When  turned  on  its  back  had  just 
enough  strength  to  right  itself,  after  great  effort.  T0.45.  Sits  with  eyes 
open.  When  irritated,  crawls,  but  cannot  hop.  Skin  has  changed  from 
a  bright  green  to  a  brown  color.  10.50.  Very  weak  ;  unable  to  draw  up 
the  liind  legs  when  they  were  pulled  out.  Eyes  closed  ;  pupils  contracted. 
11.00.  Complete  loss  of  voluntary  motion.  Loss  of  all  reflexes  about  the 
eyes.  Shrivelled  area  of  skin  increased.  11. 15.  Nasal  reflexes  abolished. 
11.35.  Dead.  Lived  one  hour  and  twenty  minutes  after  dosage.  Dose 
(0.25  gm.)  per  gram  of  body  weight  was  19  mg.  J*ost  mortem.  Integu- 
ment changed  from  green  to  brown.  Modification  of  tissue  about  the 
point  of  injection  somewhat  less  marked  than  in  Experiments  a  and  3. 
Liver  unusually  dark.  Gall-bladder  greatly  distended  and  filled  with  bile. 
Other  organs  seemingly  normal. 
Experiment  5.  —  Weight  of  the  frog  (female,  with  eggs),  18  gm.  One  dose, 
0.1  gm.,  at  9.40  A.M.  9.50.  General  weakness,  especially  marked  in  legs. 
Front  legs  nearly  useless.  9-55.  Complete  paralysis  of  fore  legs.  Hind 
legs  very  weak.  Unable  to  assume  sitting  position  when  turned  on  her 
back.  Eyes  closed.  Skin  dry  and  shrunken  about  point  of  injection. 
10.20.  Completely  prostrated.  Remained  in  any  unnatural  position  in 
which  she  was  placed.  Muscles  stiff.  10.35.  I^c^d.  Lived  fil\y-five 
minutes  after  dosage.  Dose  (o.  i  gm.)  per  gram  of  body  weight  was 
6  mg.  Post  mortem.  Slight  destruction  of  tissue  around  point  of  injec- 
tion. Organs  apparently  normal. 
Experiment  6.  —  Weight  of  the  frog,  13  gm.  One  dose,  0.05  gm.,  at  2.55  P.  U. 
Observations  were  made  during  eight  daj'S. 

First  day.     i  i.oo  p.  m.     No  effect  since. 

Second  to  eighth  days.  During  the  following  week  nothing  abnormal 
was  noticed.  (See  Experiment  7  ;  also  Experiment  13,  in  which  a  simi- 
lar dose  produced  effects  when  given  by  the  mouth.) 

Dose  (0.05  gm.)  per  gram  of  body  weight  was  4  mg. 
Experiment?.  —  Weight  of  the  frog,  14  gm.    One  dose,  0.05  gm.,  at  10.25  *■  "• 
Observations  were  made  during  two  days. 

First  day.  12.30  p.m.  Skin  dry.  Signs  of  general  weakness,  a.30. 
Torpid.     When  turned  on  its  back  did  not  attempt  to  get  up. 

Second  day.    9  A.M.    Very  stupid.     Unable  to  move.    5  P.  M.  Dead. 

Lived  thirty  hours  and  thirty-five  minutes  after  dosage. 
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Dose  (0.05  gm.)  per  gram  of  body  weight  was  4  mg.  Post  mortem. 
Congestion  of  gastro-intestinal  tract.     Otherwise  normal. 

Series  n.  SffeoU  of  adminlatratton  per  oa.  —  In  all  of  these  experi- 
ments the  dose  of  thorium  chlorid  was  administered  through  a  pipct 
with  a  long,  narrow,  blunt  tip.  The  administration  of  the  dose  with 
this  pipet  could  be  very  readily  accomplished. 

Experiment  8.  —  Weight  of  the  frog,  35  gm.  This  animal  had  been  used  in 
Experiment  t,  and  had  received  doses  of  5  mg.  subculaneously  at 
10.35  A.M.,  11.35  *■  "■>  *nd  12.35  P- M.,  without  observable  effects, 
except  excitement,  due  probably  to  local  irritation. 

Three  doses,  5  rag.  each,  were  given  per  os,  at  3,  4,  and  5  p.  m.,  without 
noticeable  symptoms,  except  a  few  peculiar  head  movements  that  appeared 
to  be  due  to  irritation  of  the  throat.  The  animal  remained  under  obser- 
vation for  a  week  afterward  without  exhibiting  any  symptoms. 

Thtal  liose  (15  mg.)  per  gram  of  body  weight  was  0.5  mg. 
£xperimenl 9. — The  frog  (weight,  25  gm.)  had  been  used  in  Experiments  t 
and  8.     This  experiment  was  begun  a  week  after  the  conclusion  of  Ex- 
periment 8. 

Eight  doses,  20  mg,  each,  were  given  at  irregular  inten^alSj  beginning 
at  9.50  A,  M.    ' 

First  dose,  9.50  a.  m.  No  effects  except  head  movements  due  to  irrita- 
tation  of  the  throat. 

Second  dose,  10,50  a.  m.  Movements  sluggish.  Hind  legs  flaccid  and 
outstretched. 

Third  dose,  11.50  a.m.    Weakness  increasing. 

Fourth  dose,  12.50  p.m.  Decidedly  weak.  Unable  to  hop.  Moved 
sluggishly  when  stimulated  vigorously,  i  .30.  Eyes  half  closed,  fore  feet 
turned  under  the  body,  hind  legs  outstretched,  sides  of  abdomen  drawn  in; 

Fifth  dose,  a.iop.  m.  Weakness  still  more  marked.  Movements  lack 
co-ordination.     Mouth  open,  eyes  closed. 

Sixth  dose,  3.10  p.m.  Falls  sideways  when  attempting  to  crawl.  Skin 
dry,  respiration  slower. 

Seventh  dose,  4.10  p.m.  Weakness  so  great  that  the  animal  lies  pros- 
trate on  its  abdomen.    Eyes  closed.    Aroused  by  mechanical  stimulation. 

Eighth  dose,'  5.10  p.  m.  Fore  iegS  do  not  respond  to  mechanical  stimu- 
lation, but  hind  legs  do.  7.30.  Very  inert.  Aroused  with  difficulty. 
When  placed  on  its  back  remained  in  that  position  without  attempting 
to  turn  over.  When  subjected  to  vigorous  mechanical  stimulation  at- 
tempted to  rise,  but  failed  to  do  so.  Midnight,  prostration  complete. 
'  Variable,  though  only  small  proportions  of  most  of  the  doses  were  ejected 
shortly  after  adrnJaistratioD. 
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Almost   insensible    to   stimulatioD.     Next   morning    (7   o'clock),   found 
dead,  prostrate  on  abdomen. 

Lived  more  than  fourteen  hours  after  the  first  administration. 

Total  dose  (160  mg.)  per  gram  of  body  weight  was  6  mg.    Psit  mor- 
tem.   Nothing  abnormal  except  congestioa  of  the  alimentary  tract 
Experiment  10. — Weight  of  the  frog,  18  gm.     Three  doses,  100  mg.  each, 
were  given  at  hour  intervals,  beginning  at  9.50  a.  M. 

First  dose,  9.50  a.m.  Initial  irritant  effect  Animal  jumped  about  for 
a  few  minutes,  with  mouth  open,  then  assumed  normal  appearance. 

Second  dose,  10.5a.  For  a  time  moved  quickly  backwards  repeatedly 
as  if  endeavoring  to  get  away  from  the  irritant  in  the  mouth  and  throat. 
Responded  promptly  to  mechanical  stimulation,  though  was  obviously 
weaker  and  less  active.     Mouth  open  most  of  the  time. 

Third  dose,  11.50.  Muscular  weakness  more  evident  Crawled  when 
irritated,  but  could  not  hop.  ia.30  p.m.  Watery  matter  ejected  from  the 
stomach.  Mouth  open  continuously,  iz.50.  L.aid  in  an  awkward  posi- 
tion with  eyes  closed  and  failed  to  move  when  vigorously  stimulated. 
2.00.  Skin  dry.  Fluid  dribbled  from  the  mouth.  Laid  on  belly  vrith 
limbs  outstretched.  When  placed  on  its  back  was  unable  to  turn  over. 
Liquid  ejected  from  stomach  several  times  since  13.30.  Mouth  con-, 
stant^r  open.  Eyes  remained  closed  even  during  moments  of  marked 
response  to  stimulation.     2.30.  General  prostration.     3.00.  Dead. 

Lived  five  hours  and  fifty  minutes  after  the  first  administration. 

Tola!  dose  (300  mg.)  per  gram  of  body  weight  was  17  mg.     Post 
mortem.     Distended  stomach,  full  of  yellowish  mucus.      Nothing  note- 
worthy otherwise. 
Experiment  11.  ^Weight  of  fhe  frog,  25  gm.     Two  doses,  100  mg.  each,  on 
different  days.     Observations  were  made  during  four  days. 

First  day.  First  administration,  3.30  p.  M.  Frequent  head  move- 
ments, evidently  due  to  throat  irritation.  Swallowed  repeatedly.  Aside 
from  these  effects,  which  were  exhibited  frequently  for  several  hours,  and 
a  certain  degree  of  restlessness,  there  were  no  special  symptoms.  Skin 
remained  moist,  i  ■  p.  m.  Sat  awkwardly.  Not  very  susceptible  to  me- 
chanical stimulation. 

Second  day.  i  p.  m.  Abundant  deposit  of  white  matter  in  throat, 
otherwise  apparently  normal.  Second  administration,  i  P.  M.  At  7  P.  H. 
looked  sleepy,  but  moved  promptly  when  touched.  Otherwise,  nothing 
noteworthy. 

Third  day.  9  a.  M.  A  large  white  mass,  composed  of  epithelial  cells 
and  of  connective  tissue  fibres,  apparently  ejected  from  the  throat,  was 
found  in  the  water  beside  the  animal.  Otherwise,  appeared  to  be  nor- 
mal.    9  p.  M.  Inactive. 

Fourth  day.  10  a.  M.  Bloated.     Skin  loose  here  and  there;  pieces  of 
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it  detached.     When   placed  on  its  back,  turned  over  with  difficulty. 
Stupor.     I  p.  u.  Prostration  general,     a  p.  M.  Dead. 

Lived  ninety-four  hours  and  thirty  minutes  afler  the  first  administra- 
tion. 

Totai  dose  (200  mg)  per  gram  of  body  weight  was  8  mg.  Post  mortem. 
Intestines  inflamed.  Stomach  distended  and  full  of  a  very  thick  yellow- 
ish mucus.  Heart  beats  when  touched.  Blood-vessels  under  skin  much 
distended.  Liver  very  yellowish.  Throat  inflamed  and  lined  with  bloody 
mucus.  Muscles  normal.  Blood  corpuscles  apparently  unaffected.  (See 
Experiments  13  and  15.) 
Experiment  12.  —  Weight  of  the  frog,  26  gm.  One  dose,  i  gm.,  at 
10.50  A.  M.  Immediately  ejected  some  of  the  solution.  Then  jumped 
about  very  strenuously,  striking  the  sides  of  the  confining  vessel  and  fall- 
ing backwards  only  to  turn  over  quickly  and  jiirap  again.  Eyes  closed. 
Sides  drawn  in.  Rests  head  against  the  side  of  the  jar.  Gasps  and  froths 
at  the  mouth.  11.00.  Unable  to  sit  normally,  but  falls  to  one  side  ;  can- 
not move  legs  co-ordinately.  It. 05.  Toes  doubled  up.  Legs  in  abnor- 
mal positions.  When  irritated,  hind  legs  are  thrown  backwards  without 
moving  the  body.  Front  legs  are  paralyzed.  Eyes  closed.  Unable  to 
move  about.     11.15.  ^ta.'A.    Lived  twenty-five  minutes  after  dosage. 

Dose  {i  gm.)  per  gram  of  body  weight  was  38  mg.  Post  mortem. 
Stomach  contracted  and  hard.  A  little  reddish  fluid  in  the  abdominal 
cavity.  Heart  failed  to  beat  wheli  touched.  (See  Experiment  14.) 
Experiment  13  (begun  as  a  repetition  of  Experiment  11). —  Weight  of  the 
frogj  23  gm.  One  dose,  roo  mg.,  at  11.25  *■  **■  No  apparent  effect 
for  about  two  hours,  except  repeated  swallowing  and  head  movements  due 
to  irritation  of  the  throat  2  p.  m.  Sat  stupidly  with  chin  close  to  plate. 
Jumped  when  vigorously  irritated.  Defecated  dark,  greenish  raucous 
material.  4.00.  Lying  quietly.  Occasionally  swallows  in  the  usual  pecu- 
liar manner.  4.25.  Eyes  closed.  Not  active  when  aroused.  6.15. 
Sprawling.  Very  weak.  Seems  unable  to  sit  in  a  normal  position. 
7.30.  Dead.     Lived  eight  hours  and  Ave  minutes  after  dosage. 

Dose  (100  mg.)  per  gram  of  body  weight  was  4  mg.  FOst  mortem. 
Stomach  widely  distended  and  full  of  fluid.  Other  organs  apparently 
normal.  (See  Experiment  15.) 
Experiment  14  (repetition  of  Experiment  u).  — Weight  of  the  frog,  27  gm. 
One  dose,  i  gm.,  at  2.18  p..m.  Very  lively  at  once.  Usual  swallowing 
motions  very  pronounced.  Gasps  and  froths  at  the  mouth.  Gradually 
prostrated,  with  eyes  half  closed  and  sides  drawn  in.  2.40.  A  little 
mucous  matter  exudes  from  the  mouth.  Lively  when  disturbed,  3.05. 
Sits  upright  and  continues  to  froth  at  the  mouth.  3.25.  Legs  weak. 
Fore  legs  turned  under.  3-40.  Almost  lifeless.  Gasping  frequently- 
Unable  to  move.     3-45.  Several  convulsive  movements  of  whole  body. 


Digitized  by  Google 


468  Arthur  F.  Chace  and  William  J.  Gies. 

Lies  on  belly,  back  arched  and  hind  legs  extended.  3.50.  Unable  to 
turn  over  when  placed  on  its  back.  Remains  in  any  position,  however 
unnatural.  4.00.  Completely  prostrated.  4.30.  Two  series  of  convul- 
sions in  posterior  parts.  4.25.  Spasmodic  movements  when  prodded. 
4-35-  Dead.     Lived  two  hours  and  seventeen  minutes  after  dosage. 

Z>£'M{igm.)pergramofbodyweightwas37mg,  Postmortem.  Stomach 
very  hard  and  full  of  brownbh,  thick  mucus,  which  was  also  present  in 
throat  and  mouth.  Heart  began  to  beat  when  touched. 
Experiment  ij  (begun  as  a  repetition  of  Experiment  11).  —  VVeight  of  the 
frog,  23  gm.  One  dose,  100  mg.,  at  9.30  k.  m.  first  day.  Observations 
were  made  during  nine  days. 

First  day,  9.30  A.  m.  Peculiar  swallowing  movements  were  quite  marked, 
from  the  moment  of  administration.  10.00.  Sat  quietly  with  eyes  half 
closed,  but  lively  when  disturbed.  10.15.  ^*  "'■th  h^aA  lowered  and 
back  curved  upwards.  Eyes  completely  closed.  1 1.00.  Occasional 
attempts  at  swallowing,  but  otherwise  apparently  normal,  iz  m.  Rested 
quietly  with  head  down  and  eyes  closed,  but  was  active  when  disturbed. 
2.30  P.M.  Appeared  sluggish;  head  lowered,  skin  dry  and  eyes  open. 
9.00.  No  particular  change. 

Second  day.  11  a.m.  Although  resting  in  a  shallow  layer  of  water, 
the  frog's  skin  above  the  water  is  dry.  (Skin  of  normal  frog  alongside  is 
wet  all  over.)  Eyes  dosed,  lids  dry.  Not  easily  disturbed.  Very  stupid 
looking. 

Third  day.    9  a.  h.  Much  improved. 

Fourth  to  ninth  days.  Apparently  entirely  well  from  the  fourth  day, 
until  the  morning,  of  the  ninth  day  when  it  was  found  dead.  The 
associated  normal  frog  remained  entirety  well. 

Lived  nearly  nine  days  after  dosage. 

Dose  (100  mg.)  per  gram  of  body  weight  was  4  mg.  Post  mortem. 
Stomach  and  intestines  edematous  and  full  of  reddish  mucus.  The 
other  organs  appeared  to  be  normal.  (See  Experiment  13.) 
Experiment  16  (carried  out  to  ascertain  whether  the  swallowing  movements 
following  each  administration  of  thorium  chlorid  (Exps.  8-15)  were  due  to 
the  local  action  of  a  portion  of  the  dose  or  were  the  results  of  irrita- 
tion caused  by  the  glass  pipet  used  for  the  injections.)  —  Weight  of  the 
frog,  20  gm.  Three  administrations  of  water,  in  i  cc  doses,  in  the  usual 
manner,  at  9.25  a.  m.,  ii.oo  a.m.,  and  12.00  m.  There  were  no  swallow- 
ing movements  after  the  first  administration.  During  the  first  five  minutes 
after  the  second  administration,  one  hour  and  thirty-five  minutes  later, 
however,  the  animal  exhibited  a  few  of  the  usual  movements  of  the  head. 
These  movements  did  not  recur  in  the  interval  before  the  third  admin- 
istration, after  which  they  again  ceased  in  a  minute  or  two. 
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8eri«B  IIL  Effaota  of  lutrodnotloii  per  reotnm.  —  Doses  were  introduced 
per  rectum  with  the  aid  of  the  pipet  used  for  administration  per  os. 

Experimtnt  17.  —  Weight  of  the  frog,  ig  gm.  One  dose,  50  mg.,  al  9.30  a.  m. 
No  apparent  effects  for  about  an  hour.  10.30.  Signs  of  weakness.  11.00. 
Unable  to  sit  up  when  turned  on  its  back.  Legs  flabby  and  remain 
extended  when  pulled  out.  11. 10.  Cannot  move.  11. zo.  Dead.  Lived 
one  hour  and  fifty  minutes  afler  dosage.  Dose  (50  mg.)  per  gram  of 
body  weight  was  3  mg.  Post  mortem.  Edema  in  right  leg.  Under  sur- 
fece  of  body  hyperemic.  Lower  part  of  intestine  somewhat  hardened. 
(See  Experiment  18.) 

Experiment  18  (repetition  of  Experiment  17),  —  Weight  of  the  frog,  17  gm. 
One  dose,  50  mg.,  at  11.50  a.m.  ia.30  P.m.  Weaker.  12.40,  Very 
weak.  Skin  dry.  i.oo.  Cannot  turn  over  when  placed  on  its  back. 
1.45.  Paralysis  complete.  3.00.  Dead.  Lived  three  hours  and  ten  min- 
utes after  dosage.  Dose  (50  mg.)  per  gram  of  body  weight  was  3  mg. 
Post  mortem.  Nothing  abnormal  except  hardening  of  the  lower  part  of 
the  intestine. 

Experiment  19.  —  Weight  of  the  frog,  25  gm.  One  dose,  100  mg.,  at  2.30 
P.M.  Immediately  passed  most  of  the  dose.  No  efl'ects  for  about  lifty 
minutes,  except  signs  of  excitement;  animal  very  lively  until  3.20,  when 
it  began  to  weaken.  3.30.  Very  weak.  Abdominal  surface  congested. 
3.40.  Dead.  Lived  one  hour  and  ten  minutes  after  dosage.  Dose  (100 
mg.)  per  gram  of  body  weight  was  4  mg.  Post  mortem.  Fluid  in  peri- 
toneal cavity.  Stomach  distended  and  full  of  mucus.  Much  of  intestinal 
tissue  near  rectum  hardened  and  disintegrated. 

Experiment  SO.  —  Weight  of  the  frog,_  18  gm.  One  dose,  i  gm.,  at  11.52 
A.M.  Immediately  jumped  twice  and  fell  backwards  unable  to  right  itself. 
Quivering  of  hind  legs,  gradually  extending  to  entire  body.  12  m.  Hind 
legs  outstretched,  stiff  and  dry.  Crawls  with  fore  legs.  Under  surface  of 
hind  legs  hyperemic.  12.05  P-"-  ^°^^  legs  stifi'.  Whole  body  rigid. 
Only  noticeable  movement  is  a  slight  twitching  of  the  skin  uiiderthe  lower 
jaw.  Toes  of  fore  feet  turned  under.  Ventral  surface  of  body  drawn  up  as 
if  abdominal  muscles  were  strongly  contracted.  12.15.  Integument  on  un- 
der surface  of  body  and  hind  legs  red,  dry,  and  shrunken.  12.20.  Mouth 
red  on  inside.  Only  signs  of  life  are  reflex  responses  about  the  nose  and 
eyes.  12.40.  Dead.  Lived  forty-eight  minutes  after  dosage.  Dose{-igm.) 
per  gram  of  body  weight  was  56  mg.  Post  mortem.  Much  black  fluid  jn 
peritoneal  cavity.  Edema  of  skin.  Heart  did  not  beat  when  stimu- 
lated. Blood  very  black.  Whole  alimentary  tract  hardened  and  con- 
tracted and  lower  part  of  intestine  disintegrated.  General  blackening  of 
superficial  blood  vessels. 

Experiment  21  (to  ascertain  the  effects  of  water  introduced  per  rectum  by 
the   method  employed  in  Experiments  17-20).  —  Weight  of  the   frog. 


! 
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lo  gm.     Several  administrations,  a  c,c  of  water  at  a  time,  at  iotervab 
of  about  an  hour,  caused  no  observable  s}'mptoras. 


Second  Group  of  Experiments.    On  Warm-blooded  Animals 
(Mouse  and  Dogs). 

The  animals  selected  for  these  experiments  appeared  to  be  normal 
in  all  respects.  After  dosage,  the  mouse  (Exp.  22)  was  kept  under 
the  bell-jar  used  in  the  preceding  experiments.  The  dogs  were 
selected  after  preliminary  periods  of  observation  had  afforded  ample 
opportunity  for  detection  of  individual  peculiarities.  During  the  ex- 
periments they  were  kept  in  cages  similar  to  the  one  recently 
described.' 

The  injected  doses  of  thorium  chlorid  were  always  dissolved  in 
small  volumes  of  water,  which  never  exceeded  4  c.c.  The  subcutane- 
ous injections  were  made  on  the  right  side  in  the  lumbar  region. 

Beriea  I.  Bffeota  of  BDbontaneoiia  injectloii  [lloua«  (aa)  and  Doga  (23 
and  24)  ].  Exptrimmt  ££.  —  Weight  of  mouse,  1 7  gm.  One  dose,  250 
mg.,  at  9.55  A.  M.  No  immediate  effect  except  rapid  and  labored  respi- 
ration. lo.To.  Signs  of  slight  irritation  at  the  point  of  injection.  10.40. 
Walks  awkwardly  and  siiows  signs  of  general  muscular  weakness.  Has 
lost  all  coordinated  use  of  the  fore  legs.  11.30.  Looks  stupid.  There  has 
been  rapid  and  labored  respiration  since  injection.  13.00  m.  Increasing 
stupor.  Has  urinated  once.  13.30  p.m.  Eyes  duU  and  nearly  closed. 
Breathing  very  labored.  Head  lowered.  Urinates  frequently.  12.55. 
Retching  movements,  as  if  trying  to  vomit.  Gasps  occasionally.  Great 
general  weakness.  1,05,  Difficulty  in  breathing.  Gasping  every  few  sec- 
onds. Mouth  opened  widely;  moves  with  difficulty,  i  to  2.  Gradual 
decline.  Respiration  slow  and  difficult ;  gasping  repeatedly.  When 
placed  on  its  back  is  unable  to  rise.  Cannot  move.  Prostration  grad- 
ually becomes  general.  2.15.  Respiration  stow.  Eye  reflex  absent.  2.30. 
Breathing  spasmodic.  2.35.  Dead.  Lived  four  hours  and  forty  minutes 
after  the  injection. 

Total  dose  (250  mg.)  per  gram  of  body  weight  was  15  mg.   Postmortem. 
Oi^ans  normal.    Tissue  about  point  of  injection  hardened  and  blanched. 

Experiment  3S.  —  Weight  of  the  dog,  6^  kilos.  One  dose,  2  gm.,  at  10  am. 
Observations  were  made  during  nine  days. 

First  day.  10  a.m.  Injection  immediately  caused  marked  local  irrita- 
tion.    Hind  leg  on  injected  side  was  quickly  weakened.     lo.io.   Ap- 
pears to  be  sleepy.     10.20.  Twitching  of  muscles  all  over  the  body  and 
'  GiES  :  This  journal,  1905,  xiv,  p.  403. 
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~  a  slight  tremor,  increasing  to  a  marked  trembling  of  the  whole    body. 

10.30.  Ate  proffered  meat.  10.45.  Nearly  as  lively  as  before  injec- 
tion. Twitching  less  marked,  11,00.  Nose  dry  and  warm.  11,15. 
Lies  on  its  back  in  very  unnatural  position  and  trembles.  11.30,  Walked 
about  and  appeared  normal,  ii-so.  No  change.  3.00.  Recumbent 
and  trembling  most  of  the  time.  Weak,  5,00.  Same  as  at  3,  Some- 
what sleepy.  Ate  a  good-sized  piece  of  meat,  but  was  not  espe- 
cially anxious  for  it.  8.00,  Sat  up  with  great  difficulty  when  aroused  and 
drank  water  quite  eagerly,  10.30.  Nose  temperature  normal.  Unable 
to  jump  out  of  cage.  One  hind  leg  very  stiff.  When  taken  from  cage 
and  put  on  floor,  was  able  to  move  about,  though  awkwardly.  Not  fed 
yesterday.     Only  litde  food  and  water  accepted  to-day. 

Second  day.  13.30  a.m.  Quite  stupid.  Trembling  still  marked. 
Appetite  better. 

Third  day.  10.30  a.m.  Hind  leg  very  stiff  and  sore.  Otherwise 
same.  Nose  cold.  7,15  p.  u.  Able  to  jump  from  cage.  Appetite 
normal. 

Fourth  day,  10  A.  M.  Leg  v^  stiff.  Tissue  hard  around  point  of 
injection.  Nose  warm.  Unable  to  rise.  Walks  quite  well,  however, 
when  put  on  his  feet. 

Fifth  day.    Stiffness  seems  to  be  getting  less  marked. 
Sixth  day.    Left  hind  leg  edematous.      Painful  when  touched.     The 
overlying  skin  shows  signs  of  breaking  down.    Jumps  out  of  cage  with 
difficulty. 

Seventh  day.  Opening  in  skin  at  point  of  injection ;  flesh  greenish- 
gray  beneath.     Dog  jumps  out  of  cage  more  easily. 

Eighth  day.  Rapidly  recovering.  Skin  opening  is  enlarging  by 
sloughing.. 

Ninth  day.  12.30  p.m.  Kilted  under  chloroform  anesthesia.  Total 
dose  (2  gm.)  per  kilo  of  body  weight  was  0.31  gm.  Post  mortem. 
Marked  degeneration  of  tissue  about  the  point  of  injection.  The  sur- 
rounding tissues  were  indurated,  proteins  having  been  precipitated.  All 
the  ot^ns  appeared  to  be  normal. 
Mxperiment  t^.  —  Weight  of  the  dog,  15  kilos.  One  dose,  5  gro.,  at  io*.M. 
Observations  were  made  during  eight  days. 

First  day.  Immediately  after  injection  there  was  great  uneasiness.  The 
dog  rolled  over  and  remained  some  time  on  his  back.  There  were  pecu- 
liar movements  of  the  jaws  as  if  due  to  a  bad  taste.  Rapid  and  labored 
breathing  at  first,  but  after  lying  down  respiration  became  normal.  Fre- 
quent stretching.  Marked  stifTentng  of  the  hind  leg  on  side  of  injection. 
Limp  when  walking.  Licks  jaws  and  appears  nauseated.  Twitching  of 
muscles  and  general  trembling.  13  m.  Sleepy.  Twitchings  continue. 
I  P.M.  Increase  of  muscular  symptoms.  2.00.  More  stupid.  Twitching 
becomes  general.    3.00.  Resting  quietly  with  slight  quivering  of  muscles. 
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4.00.  Trembling  continues,  especially  well  marked  in  front  legs.  A  hard 
swelling  over  the  point  of  injection^  5.00.  Very  dull.  No  desire  for  food. 
Thirsty.    Midnight,  same. 

Second  day.  Much  brighter.  Tissue  about  point  of  injection  hard 
and  painful  to  the  touch. 

Third  day.  Seems  to  be  much  better.  Increasing  induration  at  site 
of  injection.     Appetite  normal ;  still  very  thirsty. 

Fourth  day.  Not  particularly  ill.  Lies  quietly.  Appeals  to  be  unable 
to  rise.  When  put  on  all  fours  staggers  very  decidedly.  Trembles  on 
standing.     Some  fever.     Breathes  rapidly.     Appetite  and  thirst  normal. 

Fifth  day.  Much  better.  Able  to  jump  out  of  cage.  When  released, 
ran  about  in  lively  manner. 

Sixth,  seventh,  and  eighth  days.  With  exception  of  the  indurated  mass 
about  the  point  of  injection  the  dog  appeared  to  be  normal.  At  the  end 
of  the  eighth  day  the  indurated  mass  rcfened  to  had  degenerated  consider* 
ably  and  the  skin  above  it  had  opened. 

Dose  (5  gm.)  per  kilo  of  body  weight  was  0.33  gm. 

(This  animal  was  used  on  the  ninth  day  in  Experiment  28.) 
Series  H.     Bffeots  of  adminlatratlon  per  oa.     Experiment  25.  —  Weight  of 
the  dog,  6i  kilos.     One  dose,  z  gm.,  administered  at  9.45  a.  M.,  in  one 
of  two  pieces  of  meat,  each  weighing  50  gm.    Observations  were  made 
during  a  period  of  three  days. 

First  day.  No  immediate  effects.  10.20  a.  m.  Less  lively.  Moved 
jaws  as  if  there  were  gastric  disturbance.  11.00.  Vomited  both  pieces  of 
meat.  Practically  all  the  thorium  chlorid  had  dissolved  and  disappeared 
from  the  meat.  Soon  ate  the  piece  of  meat  which  had  not  contained 
thorium.  Tasted  the  other  piece,  but  would  not  swaliow  it.  Liquid 
vomit  was  flocculent,  not  slimy.  12  m.  Ate  nearly  all  of  second  piece 
of  meat  with  its  thorium  chlorid.  1Z.30P.  m.  Ate  the  rest  of  the  meat. 
12.45.  Very  thirsty,  2.10.  Appetite  seemed  impaired.  Veryanxious 
for  water,  which  was  taken  eagerly. 

Second  and  third  days.     Apparently  normal 

Dose  (2  gm.)  per  kilo  of  body  weight  was  0.31  gm. 
Experiment  26. —  Repetition,  of  Experiment    35  with  a  dog  weighing  8  kilos 
yielded  the  same  results. 

Dose  (2.5  gm,)  per  kilo  of  body,  weight  was  0.31  gm. 
Series  m.  Bffecta  of  tnttavenona  lutroductioa.  Experiment  27.  —  Weight 
of  the  dog,  10  kilos.  Light  ether  anesthesia.  Death  resulted  during  the 
process  of  slowly  injecting  into  a  jugular  vein  i  c.c,  of  water  contain- 
ing I  gm.  of  thorium  chlorid.  Death  was  so  sudden  that  symptoms 
were  not  observed.  Post  mortem.  The  heart  was  distended  and  full  of 
blood.  The  right  auricle  contained  a  black  flocculent  mass  —  evidently 
blood   proteins   precipitated   by  thorium    chlorid.      Such  a  precipitate 
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was  obtained  upon   adding  thorium  chlorid  solution   to   fresh  blood. 
Dose  (1  gm.)  per  kilo  of  body  weight  was  o.  t  gin. 

Experiment  28.  —  Weight  of  the  dog,  i  S  kilos.  (Had  previousiy  been  used  in 
Experiment  24.)  1  cc.  of  aqueous  0,8  per  cent  NaCl  solution,  containing 
0.1  gm.  of  thoriuni  chlorid,  was  injected  slowly  into  a  femoral  vein.  Almost 
immediately  muscles  in  various  parts  of  the  body  began  to  twitch,  decided 
genera]  tremor  quickly  followed,  and  tetanic  convulsion  soon  ensued. 
Death,  apparently  from  asphyxia,  occurred  about  two  minutes  after  the 
injection.  The  heart  continued  to  beat  slowly  for  a  minute  or  two  after 
respiration  ceased.  Blood,  drawn  immediately  after  death,  appeared  to 
coagulate  normally. 

Dose  (100  mg.)  per  kilo  of  body  weight  was  7  mg.  Post  mortem. 
Blood  darker  than  usual  Right  side  of  heart  full  of  coagulum.  Organs 
apparently  normal. 

Experiment  S9.  —  Weight  of  the  dog,  25  kilos.  In  morphin-atropin  nar- 
cosis.' Physiological  salt  solution  (0.8  per  cent),  containing  0.01  gm,  of 
thorium  chlorid  per  c  c.  of  solution,  was  injected  at  intervals  slowly  into 
a  femoral  vein.  The  following  summary  shows  the  frequency  of  the  respi- 
ration and  heart  beat  before,  during,  and  after  each  injection  : 


2.40      ' 20 

a-4S      " 18 

Injection  :  3  cc.  (3.45-46:30)     .  18 

2.50  p.  M 16 

Injection:  5  cc.  (1.51-51:10)      .  16 

2-5S  ••■  « ao 

Injection:  50.0,  (2.57-58)     .     .  22 

3.01  p.  M 20 

Injection:  70.0.(3.02-03:40)      .  16  (spasmodic) 

3-o6 ao 

Injection:  80.0.(3.08-09:10)     much  faster         very  rapid 

Respiration  stopped  at  3.1a,  after  a  few  gasps.     The  heart  continued  to 
beat  a  minute  and  a  half  longer. 
Tbial  dose  (280  mg.)  per  kilo  of  body  weight  was  1 1  mg.     Post  mortem. 
Same  as  for  Experiment  38. 

'  Morphin,  6  mg.  per  kilo;  airopin,  0.6  mg.  per  kilo. 
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Summary  of  Results. 

The  results  of  our  observations  with  thorium  chlorid  may  be  briefly 
summed  up  as  follows  : 

Thorium  chlorid  readily  dissolves  in  water.  The  solution  is  strongly 
acid  in  reaction,  markedly  astringent  in  effect,  and  has  an  acid,  me- 
tallic taste.  Aqueous  solutions  of  thorium  chlorid  precipitate  pro- 
teins and  protoplasmic  materials  in  general,  blacken  and  precipitate 
,  blood,  blanch  and  harden  muscle,  and  harden  and  shrivel  practically 
all  tissues.  Upon  the  unbroken  skin  it  has  no  appreciable  effect. 
Fairly  concentrated  aqueous  solutions,  when  introduced  into  the 
stomach  or  rectum,  harden  and  shrivel  the  gastro-intestinal  parts  in- 
volved ;  when  injected  under  the  skin  they  induce  local  precipitation, 
hardening,  and  degeneration ;  and,  when  passed  into  the  blood,  pre- 
cipitate the  proteins.  The  reflexes  were  abolished  preceding  death  in 
their  usual  order. 

Doses  of  more  than  4  mg.  per  gram  of  body  weight  (4  gm.  per  kilo), 
whether  introduced  into  frogs  subcutaneously,  per  os,  or  per  rectum, 
invariably  resulted  fatally.  One  of  two  frogs  that  received  subcutane- 
eottsly  4  mg.  per  gram  of  body  weight  survived,  the  other  died  at  the 
end  of  thirty  hours.  One  of  two  frogs  that  received  such  a  dose/^r 
OS  died  at  the  end  of  eight  hours;  the  second  died,  on  the  ninth  day 
after  dosage,  possibly  from  influences  independent  of  the  treatment. 
Introduction  per  os  caused  irritation  of  the  throat,  increased  mucous 
secretion,  and  ejection  of  gastric  contents.  Doses  of  3  mg.  per  gram 
of  body  weight,  introduced  into  frogs  per  rectum,  were  fatal  in  one 
to  three  hours.  Symptoms  appeared  more  quickly  in  frogs,  after  in- 
troduction per  rectum,  when  all  other  conditions  were  equal,  than 
they  did  after  administration  per  os  or  subcutaneously. 

In  frogs,  the  following  symptoms  were  usually  elicited  by  the 
administration  of  lethal  doses : 

1.  After  subcutaneous  injection :  diminished  activity,  stupor,  pro- 
gressive weakness,  lack  of  co-ordination  in  movements,  paralysis  of 
the  limbs  (the  fore  legs  first),  general  prostration.  Anhidrosis  was 
occasionally  observed.  (Non-lethal  doses  appeared  to  cause  merely 
moderate  initial  excitement.) 

2.  After  administration  per  os :  retching  movements,  marked  gas- 
tro-intestinal irritation,  stupor,  weakness,  lack  of  co-ordination  in  move- 
ments, paralysis  of  the  limbs  (the  fore  legs  first),  general  prostration. 
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Specially  large  doses  induced  preliminary  excitement  and  in  one 
instance  brought  on  convulsions.  In  some  cases  there  were  no  appar- 
ent effects  at  first  except  retching  movements.  Anhidrosis  was 
occasionally  observed. 

3.  After  introduction  per  rectum:  weakness,  paralysis  of  the 
limbs  {kind  legs  first),  progressive  rigidity  of  the  muscles,  general 
prostration.  Anhidrosis  was  observed  in  some  cases,  edema  in  others. 
The  smaller  doses  failed  to  elicit  immediate  effects,  the  larger  doses 
induced  excited  movements  at  once  and  twitching  of  the  muscles. 

Doses  of  0.3  gm.  per  kilo  in  dogs,  whether  introduced  subcuta- 
neously  or  per  os,  failed  to  produce  fatal  results.  The  subcutaneous 
injection  of  1.5  gm.  per  kilo  in  a  mouse  caused  death  in  five  hours 
(Exp.  22).  An  intravenous  dose  of  7  mg.  per  kilo  in  a  dog  caused 
almost  instant  death,  but  this  animal  may  have  been  particularly  sus- 
ceptible to  the  effects  of  the  thorium  compound  because  of  previous 
subjection  (nine  days  before)  to  the  influence  of  a  large  subcutaneous 
dose.  Another  dog  (Exp.  29)  withstood,  a  few  minutes  longer,  a 
somewhat  larger  total  dose  of  thorium  chlorid  injected  directly  into 
the  circulation  in  quantities  that  did  not  exceed  70  mg.,  although 
very  little  of  the  compound  was  required  intravenously  to  cause 
speedy  death. 

The  symptoms  usually  observed  in  dogs  were  the  following : 

t.  After  subcutaneous  injection  (in  non-lethal  doses) :  local  irritation 
and  sloughing,  restlessness,  fever,  thirst,  loss  of  appetite,  twitching 
of  the  muscles,  sluggish  movements,  weakness.' 

2.  After  administration  per  os  (in  doses  that  were  not  very  toxic) : 
vomiting,  thirst,  impaired  appetite. 

3.  After  i»;raz'f«w/.rintroduction(in  lethal  doses):  muscular  twitch- 
ing, general  tremor,  tetanic  convulsions,  asphyxia,  death. 

Reasons  were  given  on  page  458  for  the  discontinuance  of  the  ex- 
periments before  various  other  facts  in  related  connections  could  be 
ascertained. 

>  Fatal  effects  on  a  mouse  are  given  on  page  470. 
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